
UNCLASSIFIED

AD NUMBER

AD488378

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; AUG 1966. Other requests shall
be referred to Commanding General, U.S.
Army Electronics Command, Attn:
AMSEL-KL-SM, Fort Monmouth, NJ.

AUTHORITY

USAEC ltr, 16 Jun 1971

THIS PAGE IS UNCLASSIFIED



I,

° i iTECHNICAL REPORT ECOM -01320-f

ii • ZQUANTUM MULTIPLIERS
S • i AND MIXERS

0 FOURTHI QUARTERLY
"; PROGRESS RE.PORT

IIy

I $J ' p ~ -~ . - ._.____

AUGUST 1966
DISTRIBUTION STATEMENT

iThis document is subject to special export controls and each transmittal

J,6 ** Sraign qvo-*r-,mcntr, a7 fc.,eigr. nafionals may be made only with prior
approval of Commanding General, U.S. Army Electronics ComnFort
I~~~~onmouth, New Jefr-ey, AMSEL-KL -SM.Cmad

0i
-UNITED STATES ARMY ELECTRONICS COMMND FORT MONMOUTH, N.J.

CONTRACT DA-28 -O43-AMC- 01320 (E)•

MARTIN-MARIETTA CORPORATION _

/ Orlando, Florida

OR 8346

I "S

i /"



Technical Report ECOM 01320 August 1966

QUANTUM MULTIPLIERS AND MIXERS

Fourth Quarterly Progress Report

1 February 1966 through 30 April 1966

Report No. 4

Contract No. DA-28-043-AMC-01320(E)

DA Project No. 1E6-22001-A-05803

Prepared by

V. E. Derr and G. W. Bechtold

Martin Marietta Corporation

Orlando, Florida

(OR 8346)

Forr

U. S. Army Electronics Command, Fort Monmouth, N. J.

Distribution Statement

This document is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with prior
approv&l of th., Commanding Geaeral, U. S. Army Electronics Command,
Fort Monmouth, New Jersey, AMSEL-KL-SM.

I



I

3

CONTENTS

Purpose ...... .................................. vii

SA bstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Conferences and Publications .......................... xi

I. Introduction ......................................... 1

LII. Technical Discussion ............................. 3

A. Design of Beam Splitters ........................ 3
B. Gas Selection ................................ 10
C. Solid State Studies ............................ 13

LIII. Experimental Effort During Fourth Quarter .............. .... 17

A. Two-Level Partly Resonant Experiments ............. .... 17
.B. Multi-Level Totally Resonant Experiments .............. 23

IV. Conclusion .................................... 27

SV. Program for Next Quarter ......................... 29

L VI. Key Personnel ................................. 
31

Appendices
A. Rigid Rotor Energy Levels for Several Asymmetric Top

E Gases ...... .............................. 33
Methylene Fluoride Rigid Rotor Transition Frequencies . . . 36
Difluoroethylene Rigid Rotor Transition Frequencies ..... .. 43[ Vinyl Cyanide Rigid Rotor Transition Frequencies ....... 50
Formaldehyde Rigid Rotor Transition Frequencies ....... 56
Benzonitrile Rigid Rotor Transition Frequencies .......... 63
Nitrosyl Chloride Rigid Rotor Transition Frequencies .. 70

B. Calculation of the Time Dependence of the Expectation
Value of the Polarization Operator .................... 83

References .................... .................. 99

g Distribution List ................................... 103

I iii



ILLUSTRATIONS

1. Metal Strip Beam Splitter .................... ....... 5

2. Multiple Dielectric Sheet Reflector ............ ......... 9

3. Monel-Nickel Vacuum Manifold ....................... 14

4. Magnetron Test Setup .............................. 20

5. Laddertron Modulator Microwave Source ................. 21

S6. Low Pass Filter .. ................................. 22

7. 120 GHz Parallel Plate Interferometer Test Setup ........... 24

8. Low Frequency Parallel Plate Interferometer .............. 25

IV

1
~I1

U 1+t

B, I
'I+



PURPOSE

Experimental and theoretical analysis will ba conducted to determine
the power conversion efficiencies for harmonic generation due to nonlinear
quantum susceptibilities. Analysis of partly resonant two-level schemes
will be conducted, but emphasis will be placed on the investigation of
resonant harmonic generation within gaseous media, where two levels are
in resonance with the harmonic output, and intermediate levels can be
used to reduce pump power requirements for operation with optimum effi-
ciency. Of primary importance in the experimental phase of work is the
development of suitable resonant structures to support the multiple quan-
tum system.
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ABSTRACT

The difficulty of obtaining a large filling factor with crossed interfer-
ometers at the fundamental and harmonic frequency was discussed in the
last quarterly report. The use of a beam splitter to couple the two fre-
quencies has been proposed. The design and preliminary testing of a
metal strip and a dielectric sheet beam splitter was accomplished in this
quarter. Fabrication of a beam splitter is a difficult task because of the
necessity of preserving the resonator Q with the beam splitter iL~stalled.
"This problem is discussed.

Several asymmetric gases for use in the totally resonant are still
under investigation. Because of the corrosive and toxic properties of
many of these gases, emphasis has been placed on a search for a gas
with the proper energy levels that can be handled in a conventionel vacuum
"system. A tabulation of gases under consideration, and their toxicity and
handling problems, is given in the body of this report. Methylene chloride,
methylene fluoride, and difluoroethylene appear to have the best handling
characteristics. A possible scheme for pumping methylene chloride ha-
been found. Further evaluation of the other gases has been started. En-
ergy levels for methylene fluoride, difluoroethylene, formaldehyde, vinyl
cyanide, benzonitrile and nitrosyl chloride are given in Appendix A. A
nickel monel vacuum system was constructed to test the corrosive prop-
erties of these gases.

The experimental effort during the fourth quarter is r, ,iewed. Major
emphasis was placed on high power tests for the two-level scheme aid
parallel plate interferometer and beam splitting tests for the totally re-

~ -- sonant system. In the area of the two-level system a sapphire window
has been designed and fabricated. This window was successfully operated
at 30 kW in a corrosive atmosphere. Martin Company purchased an in-
verted coaxial tunable magnetron to replace the Microwave Associates'
magnetron. Since methyl fluoride decomposes forming hydrofluoric acid

* 1 in the presence of the high power microwave field, the microwave plumb-
ing has been nickel plated. Fluroform gas has also been tried in the two-
level s stem. This gas is very inert thermally and did not decompose
when the high power microwave energy was applied. The totally resonant
experiments included tests on the gold plated nickel interferometers at
40 GHz and 120 GHz. Beam splitters were designed and tests performed.
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Quantum mechanical calculations were performed to determine the
time dependence of the expectation value of the polarization operator
and are presented in Appendix B.
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I CONFERENCES AND PUBLICATIONS

G. W. Bechtold of the Martin Company Physical Sciences Research
I Laboratory (Orlando, Florida) conferred with Dr. Harro Andresen, Con-

tract Monitor, at the United States Army Electronics Command, Fort
Monmouth, New Jersey, on 8 February 1966.
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I. INTRODUCTYON

Multiple quantum effects have been predicted since the introduction of
quantum mechanics (Reference 1) and have manifested themselves in many
ways. For example, such phenomena have been associated with Raman
processes (References 2 through 8), molecular beam transitions (Ref-

£ erences 9 through 17), and optically pumped schemes (References 18
through 26). More recently, riultiple quantum transitions have been ob-
served in the microwave r',gion and the feasibility of frequency conversion
because of nonlinear quantum susceptibilities has been experimentally
demonstrated (References 27 through 30).

The interesting possibility of producing millimeter and submillimeter
. radiation from such schemes has led to the consideration of partly reso-

nant (Reference 31) and resonant (References 32 and 33) techniques. From
f an analysis of the power conversion efficiencies of the two methods, the

1 resonant frequency mixing scheme shows the greater promise for frequency
conversion devices in the millimeter region and requires a more careful
selection of materials. An effective technique must be devised for obtain-
ing a high fillinm factor.

In this report, the design of thin metallic strip and dielectric sheet
beam splitter is reviewed. The gas handling problem and the experimental
work performed during the quarter are discussed.

[
I
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II. TECHNICAL DISCUSSION
4

A. DESIGN OF BEAM SPLITTERS

It was shown in the last quartprly report that the filling factor of crossed
parallel plate interferometers decrease very rapidly as a function of inter-
secting angle. One technique used to ove'rcome this problem is the use of
a frequency sensitive beam splitter that reflects one of the frequencies in
the interaction region and transmit0 the other frequency. The most prom-
ising beam splitters are the polarizing slat grating, grid, interference thin
film, and dielectric sheet types. The need to posih.ion a beam splitter in
the resonator with a minimum change in performance is a major problem.
In earlier tests, any perturbation placed between the plates of the resonator
decreased the Q to a very low value. Preliminary attempts to place thin
metallic strips in the resonator were unsuccessful. Metallic strips act
as a waveguide beyond cutoff fox one of the resonator frequencies A de-
sign calculation of a beam splitter employing this principle is as follows:

2
m m i

=== eI {kc/

where

a is the attenuation

k is the operating wavelength

=c is ,ne cutoff wavelength

For - 2; ;k-- 11; X - 0.35 inch at 35 GHz
).c

If we take X. - 0.35 x 2 x 2.54 and length of waveguide (f) equals 2 cm,
then the amplitude attenuation is

11 x 2
e-ci "T- -24.76

3
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P ow r a tenlat on s e 2a1 -49.52m
Power atterviation is e l= e . To convert to dB we have power
lost (dB) = 10 log X = 10 log e- 4 9 . 5 2 = 234 dB. This is the loss for trans-

mission cf the fundamental signal through the waveguide operated beyond
cutoff. For transmission of the third harmonic signal we have X/xc =
2 x 0.35/(3 x 0.35) = 0.66. Attenuation of 0.05 dB per meter is then read
from Figure 5-2-6 of Reference 34.

To determine i -:e spacing of the strips we have X/Xc = 2; kc = 0.175
and the spacing betwcen strips is 2a = kc; a = 0.0875 where a is the spac-
ing between strips.

To obtain the necessary low transmission loss for the higher frequency
signal it is necessary to have thin strips that have high conductivity and £
a high surface finish. There should be a sufficient number of strips and
the strips should be high enough to fill the region occupied by the resonator
field. One possible fabrication technique would be that of using mylar
sheets with gold deposited on the surface. It would then be possible to
surface match the air-dielectric interface. A schematic of this reflector
design is shown in Figure 1.

"The dielectric sheet reflector beam splitter was investigated in more
detail than the metal strip reflector. This beam splitter is the microwave I
equivalent of the optical beam splitter used in spectrometers. A dielec-

tric stleet is placed in the field of the resonator at an oblique angle to the
wavefront. A wave impinging on this interface splits into a reflected and i
transmitted wave. The relative amplitudes of the two component- is a
function of the angle of incidence, dielectric constant, and thickness of
dielectric material. A sample calculation will be performed to compute I
;he required thickness for a sheet of mylar to split the beam into two
equal components. The polarization is assumed to be perpendicular and
the effect of dielectric loss is neglected in this case. The following equa- 5
tions are given in Chapter 12 of Reference 35:

2 2 2 - 1
n cos 00- (n - n sin 00)2

rab n 2 a 2 0

n cos 0 0+(nb n sin 00)2

where rab is the amplitude reflection coefficient

n is the index of refraction for medium 1a E
nb is the index of refraction for medium 2

00 is the angle of incidence measured from the wave normal. 3
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I
If we assume na ( 1 (air) nb 3 1.48 (mylar) 00 = 700 sin 70"* 0.94

cos 70" a 0.342 5

rab a .342-.2-J0.04A 0.542.. o
0.342 + L2.2 -(0.94)11

Also, the following relation holds 3
1RI2  4r ab n 

I
r 2a + 4 rab2 sin 2

S~where

2i is the power reflection coefficient

4 is the electrical thickness of the dielectric sheet

assume 1R12  0.5
0. 4(0.542)2 sin2 2 sin 2

r 7'ab + 4r ~sin2  i =.25

a 1b
Ssin 0,655 then 40.8 degree.

To determine the dielectric sheet thickness we have I

(n sin )2 .

II•:40.8 (n2 2) 4.0.8 o=0981
Sd (n- .sin X~ 0.98

360 b 360 x 1.15 o

where I

X 0 is the free space wavelength

d 0.0292 for 40 GHz K
d = 0.0097 for 120 GHz.

The calculation will not be repeated for the case of parallel polarization
since reflection is less when the wave is parallel polarized and the angle
of incidence is about 90 degrees. A rough indication of the variation of 3

6
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F1
power reflection coefficient versus angle of incidence is shown in Figure /

11.% of Reference 35. Since the plot is given for the parameter e/co = 4
it is not accurate for the case under consideration.

For the case of a lossy dielectric the mathematics are more compli-
cated. The equation for the power reflection coefficient is as follows:

R12- 1 2 10-A 2 )2 + 4A2 sin2  sin2 4 + X)
R1 (lossy) 2 1b 1"A 2irabI + 4A 2 1rb

where

A is the transmission amplitude through a lossy medium,
[ X is an additional phase shifting term that indicates the dielectric

loss.

For low loss material such as mylar, the effect is to change the reflec-
b. tion coefficient slightly. A further consideration is the flatness of the

surface to the impinging wavefront. The plates of the interferometer must
T" be flat to approximately 100 millions of an inch at 120 GHz for the path

lengths to have equal phase. It is also necessary that the dielectric pos-
sess a greater degree of flatness because of its higher dielectric constant.

7" Since this velocity is proportional to the square root of the dielectric
*•. constant, it is necessary that the flatness be held to approximately 1.5

times that of the interferometer plates.

The single sheet type c' beam splitter that splits the beam into two
equal transmitted and reflected components cannot be used in the double
"resonator field because one mode must be transmitted without loss while

* the other mode is completely reflected.

Beam splitter designs necessary to obtain maximum reflection of one
signal and maximum transmission of the other signal will now be discussed.
The design of a single dielectric sheet resonator, with the sheet positioned
at -An oblique angle to the incident radiation, can be accomplished in two
ways. The sheet could be made of resonant length to the fundamental fre-
quency while reflecting the harmonic frequency. The sheet could also be

made of resonant length to the harmonic frequency while reflecting the
fundamental frequency. The design criteria would obtain 99.9 percent
transmission for the transmitted signal and 99.9 percent reflection forJ the reflected signal.

Ii 7
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To make the sheet resonant at the fundamental frequency we have

d -- 2 x

2(n . sin

where the terms have been defined in a previous section for n2 = 2.2 (mylar)
0 = 45 degree k = 0.296

d 0.296 = 0.114 inch.

2 x 1.3

To find the amount of power reflected at the harmonic frequency 5
na cose -(2 2 sin 2

r ab 2 2 2 13

na cos0o +(nb _ n sin 0 )2

n a 1; cos 45 degrees =0.707; = 2.2

-0.707 - (2.2 - 0.5)2

Srab 0.707 + (2.2 - 0.5)1 1
2wd 0.114 x 360 x (2.2- 0.5) 5

* = -0(K sin2 0) = 0.096 -550
00

2 4(0.295)2 sin2  0.0271.

2 2.21
1 (- 0.295) + 4 (- 0.295) sin2

In this case, less than 3 percent of the power of the reflected signal is I
reflected. This loss value of the power reflection coefficient results in a
unusable value of Q at the harmonic frequency. 3

To make the dielectric sheet resonant at the harmonic frequency we
have 3

d = -- 14= 0.033 rb -0.295
3 a

0.038 x 360 x 1.30.296 = 60 degrees

8
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SRIR 2  4(0.087) (0.75)! J 0 .I, 4 0.239.
u 0.83 + 4 (0.087)(0.75)

This design is feasible if multilayer dielectric sheets are used to increase
the reflectivity. This technique is discussed in Reference 36. However,
the fabrication problem is more difficult bc.:ause the sheets must be flat

*• and the power absorbed from the transmitted signal is increased. The
problem of changing the polarization of the reliected wave due to oblique
incidence would need investigation.

L •Another technique with less problems than the single dielectric sheet

is the multiple dielectric sheet reflector at normal incidence. A config-
uration utilizing this type of reflector is shown in Figure 2. The funda-
mental frequency signal is fed through a horn and lens on one side of the
dielectric stack, but the harmonic frequency is fed through a horn and lens
to the other side of the dielectric stack. The electrical thickness of the

- dielectric can be made resonant at either the fundamental frequency or
the harmonic frequency. The reflection of the nonresonant signal is cal-
culated from the known thickness of the sheet. If the sheets are a quarter
wavelength thick at the harmonic frequency it would require five sheets to
realize 99.5 percent reflectivity. This result is obtained from Reference
36 and is calculated for fused quartz with a dielectric constant of 3.8 and

Fundamental
da Frequency Harmonic

FrqenyFrequency

'HI
3Figure 2. Multiple Dielectric Sheet Reflector
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a loss tangent of 0.0004. To calculate the transmission loss for the funda-
mental frequency signal we have I

n b - 11.48- 1
rb 0.193 I

n b + 1 1.48+ 1

r is calculated for mylartabmya

,2 41 rabI 2 sins 2

1"+ raba sin2 n2 0

4(0.193)2 0.25, - 0.039.-L o|2 2 2 •.. .
(0. 1l3' " + 41 abi sin2 *

Approximately 4 percent of the incident radiation at the fundamental fre-
quency is reflected. This design will limit the Q of the fundamental fre-
quency signal to a low value. The use of the angle parameter is now being K
considered.

On the basis of these calculations the metal strip beam splitter that [
operates as a waveguide beyond '-utoff for the fundamental frequency sig-
nal is the most promising. Several dielectric sheet beam splitters have
been tried and a metal strip beam splitter is being fabricated.

B. GAS SELECTION 1

The study of gases for use in the totally resonant multiple quantum
system was continued in the fourth quarter. Information was accumulated
on the following gases:

1 Nitrosyl chloride 6 Methylene fluoride

2 Methylene chloride 7 Vinyl cyanide

3 Vinylene carbonate 8 Hydrazoic acid I
4 Thionyl fluoride 9 Ethylene sulfide 3
5 Benzonitrile 10 Diflurosilane

10I



11 Isothiocyanic acid 13 Difluoroethylene

12 Formaldehyde 14 Nitrosyl fluoride

I The following problem areas associated with gases were investigated:

4 1 Availability and physical properties of suitable gases

2 Energy levelsS__
3 Fabrication of a vacuum system to determine corrosive properties.

Following is a list of gases that are commercially available and a brief
, I description of each:

1 Nitrosyl chloride is available from Air Products, J. T. Baker Com-
pany, and Matheson Company. This gas is nonexplosive, but it is

i . very corrosive and very reactive. Nitrosyl chloride decomposes
"upon contact with moisture to hydrochioric acid and nitrous acid
and creates a very corrosive condition. Nitrosyl chloride is a highly
irritating, toxic gas. Its toxicity has not been thoroughly investigated.
T', . effects of nitrosyl chloride would probably fall between those of
chlorine and nitrogen oxides and would reqult in severe irritation of
the respiratorj tract. The recommended materials for construction
are pure nickel, inconel, monel, tantalum, platinum, or glass.

2 Methylene chloride is available from Fluka Company, Dupont Com-
pany, and Eastman Kodak Company. This gas is nonflammable and

-- nonexlosive, but people should avoid exposure to high concentrations
of its vapors. The threshold limit value (TVL) is 500 parts (by
volume) of solvent vapor per million parts of air. Most of the com-
monly used construction metals such as steel, cast iron, brass,

* - copper, tin, lead, and aluminum can be used satisfactorily under
e| L normal conditions of use.

L 3 Vinylene carbonate was not available from the vendors contacted.

"4 Thionyl fluoride is available from Peninsular Chemical Research,
Inc. It is a colorless, odorless gas. It does not attack glass or
steel. No further information is available at this time.

5 Benzonitrile is available from Fluka Company. It In a flammable
liquid and very toxic. 150 ppm for 30 minutes can be fatal.

'I1
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6 Methylene fluoride is available as Freon 32 from Dupont Company.
It has good thermal stability, and conventional construction ma- I
terials can be used. Information is not available on the toxicity of
methylene fluoride. I

7 Vinyl cyanide is available from Fluka Company and Eastman Kodak
Company. This gas is poisonous to humans. It forms an explosive
mixture with air (3-17 percent in air), It has a flash point of 32*F
and will polymerize.

8 Hydrazoic acid has an intolerable pungent odor. It is extremely ex- F
- plosive and very toxic in high concentrations.

9 Ethylene sulfide is available from Fluka Company. This gas will I
polymerize under proper conditions. It is irritable to humans and
toxic in proper concentrations.

10 Difluorosilane is not commercially available.

11 Isothiocyanic acid is not commercially available. [
12 Formaldehyde is supplied by several vendors.

13 Difluoroethylene is available from Matheson Company and Eastman
Kodak Company. It is a colorless, flammable nontoxic gas. Since
I-I difluoroethylene is a noncorrosive gas any common or commer- r
cially available metal may be used in system construction.

14 Nitrosyl fluoride is avail&'ble frorn Ozark Mahoning Company. It
reacts with most constrution materials except nickel, monel, and
inconel. The toxicity of this ga• Ls unknown. Regard this gas as
highly toxic until data are availabie. L

The energy levels of the followi.g gase- have been determined and are L
tabulated in Appendix A of this report:

I Methylene fluoride 4 Fbrmalde'hyde C
2 Difluoroethylene 5- Benzomit rile

j
3 Vinyl cyanide 6 Nitrosyl chloride L

Evaluation of the gas energy levels has not been completed to determine
if four equispaced levels exist. The energy levels of methylene chloride
have been studied and the following possible pumping schemes evolved:

12
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26 GHz 34 GHz 31 GHz
7 8' -8 -7
'17 08 17 26

32 GHz 35 GHz 24 GHz
018 9 918 827

The high J values of these levels indicate the population will not be
large. Also, the energy levels are not equispaced. However, it might be
possible to pump the first energy level scheme at about 31 GHz and obtain
third harmonic if the interaction region is maintained at high gas pressure.
It is desirable to use a gas such as methylene chloride because it is rela-
tively inert. Since the other gases have many more energy levels, more
evaluation is required to determine whether the proper energy levels exists
for the four-level system.

A vacuum system as shown in Figure 3 was fabricated for testing the
corrosive properties of gases. The vacuum system includes a manifold
with pressure gauges, a cold trap, and a dry trap to prevent explosive gas-
eous materials from entering the pump and reacting with the pump oil. All
metal parts are nickel or nickel plated to resist corrosion from the gas.
Bourdon gauges are used to indicate pressure and vacuum. Various gases
will be evaluated in the vacuum system next quarter.

Mutpeqatm C. SOLID STATE STUDIES

-Multiple quantum effects in solids have not been exploited very thoroughly,
although they have been observed in ruby (Reference 37) and in MgO(Mn)
(Reference 38). In ruby, Smith observed second harmonic generation at
19 GHz. In MgO(Mn), Sorokin found additional lines at high input power
because of multiple photon absorption associated with the hyperfine struc-

_ .ture. Solid materials could offer many advantages over gases for use in
harmonic generation and mixing in the millimeter and submillimeter wave-
length regions. This is possible because of the potentially high concentra-
tion of nonlinear elements and ease of handling. To take advantage of this,
a higher filling factor must be obtained by better cavity design. In many
solid materials, ruby for example, there are several operating points

a occurring for various values of w. the pumping frequency. These arise
from denominators with such terms as:

(W- 2w.Xw 1X -W
31 21 WX 3 2

1where the '31 ' 32 ' ' 2 1 are resonances of ruby.

i ,1
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Materials with higher zero field splittings and faster spin-lattice re-
laxation times are under investigation for possible multiple quantum
effects. The only experimental work performed in this quarter was de-

voted to the revision of the microwave bridge to work with the new super-
tj conducting magnet. A preliminary run has been successfully made, test-

ing MgO(Mn) up to 53,000 gauss. The multiple quantum effects previously
seen at low fields (10,000 gauss) were observed again, showing that the
magnet was sufficiently uniform. No new multiple quantum absorptions
,were found, probably because helium bubbling prevented the use of high
power. Preparations are being made to pump the liquid helium to prevent

1 bubbling.
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III. EXPERIMENTAL EFFORT DURING FOXJRTH QUARTER

Experimental effort during the fourth quarter was concerned with two-
level partly resonant experiments and parallel plate interferorreter ex-
periments.

" "oblems investigated in the partly resonant experiments are as
follow s -

1 Microwave window

2 Use of fluoroform and ammonia gases

3 Initial test on SFD Model 327 magnetron

4 Use of OKI Laddertron for high power source

5 Test of low pass filter with 40 GHz cutoff frequency to suppress
magnetron third harmonic.

A. TWO-LEVEL PARTLY RESONANT EXPERIMENTS

i During the third quarter of the contract, the difficulty of maintaining a

microwave window in the waveguide thai feeds the magnetron power to the
semiconfocal interferometer was discussed. In reviewing, we must re-
member that methyl fluoride is unstable in a high power field and decom-
poses forming hydrogen fluoride. The hydrogen fluoride attacks the win.-
dow material and soldered flanges. The window is decomposed, and the
solder forms a hard deposit on the interior of the waveguide.

"To overcome the problem of the gas reacting with the soldered flanges,
the interior section of the waveguide between the window and the iris was
nickel plated. After several tests with methyl fluoride, visual inspection
indicated nc, further deposits on the interior of the waveguide.

Since the purchased microwave window failed and several windows
made from teflon, mica, etc., did not work, it was decided to fabricate
several microwave windows from fused quartz and sapphire. The fused
quartz was ground to a resonant shape and cemented into a metal window

U 17
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flange. Several tests were run on this window in the interferometer, using
ammonia gas. No deterioration of the window was observed after several
tests. Unfortunately, the window failed mechanically and it was decided to
fabricate a sapphire window. Although the first piece of sapphire was
thicker than specified, the decision was made to mount the sapphire in a
metal flange and test it. The sapphire was cemented in the metal flange
and checked at 35 GHz for insertion loss. The insertion loss was 3 dB.
The high insertion loss could be attributed to the nonuniform thickness of
the sapphire or to the epoxy cement. A thinner sapphire window (approx-
imately 0.008 inch thick) was fabricated and cemented to the metal flange
Swith a minimum epoxy cement. The insertion loss was less than 1 dB.
Several tests were run with this window installed. In one test, the methyl

fluoride ionized and deposited a brown substance on the sapphire. When
this substance was removed, the sapphire was intact. There was no evi-
dence of the gas reacting with the sapphire surface. Sapphire or alumina
windows appear to be best suited for high power application in a corrosive
gaseous environment.

In the next series of experiments, fluoroform and ammonia gases were
used. Ammonia has many energy levels between 10 and 40 GHz. Accord-
ing to Smith (Reference 28), it should be possible to pump at a frequency
near a natural transition frequency and generate third harmonic of this
frequency. The efficiency of this mode of operation is not as high as pump-
ing at approximately one third the natural transition frequency. For this
test, magnetron power at approximately 34.8 GHz was applied with the out-
put structure tuned to detect 105 GHz. The results of this test were neg- -
ative. An advantage of using ammonia is its stability and the fact that it
did not cause window problems. A disadvantage in the use of ammonia isits reaction with the brass interferometer plates. [

The next experiment was with fluoroform gas, a freon manufactured by
Dupont. This gas is stable up to 1150°C and very inert chemically. Since
it has a natural transition near 100 GHz, the mode of operation is the same
This gas appears to be very inert when radiated with a high power micro-

wave field and no harmful effects on the microwave window or other plumb-
ing were observed.

There are several problems associated with the Microwave Associates'
Model 206 magnetron that limits its use to multiple quantum investigations.
It has fixed frequency and fixed pulse width operation. The magnetron
generates high level third harmonic, and the power output is limited to
approximately 20 kW. Also, the frequency spectrum as observed on a
spectrum analyzer is highly distorted and does not approach the ideal I
(sin Q}/w. For these reasons, Martin Company decided to purchase a
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Model 327 magnetron from SFD Laboratory to be used on multiple quan-
tum and other research projects. This magnetron has a peak power out-
put capability of 180 kW. The pulse width is variable from 0.5 Js to 2.0
ls and the frequency is variable between approximately 34 GHz and 36 GHz.
Initial tests were performed to verify the tube operation. An output power
of 110 kW was obtained with the tube working into a matched load as shown
in Figure 4. in a further test, the waveguide was terminated in a short
circuit to determine how effectively the circulator protects the tube. The
tube operated satisfactorily in the short circuit condition. For the high
power application (above 30 kW), it is necessary to pressurize the rec-
tangular waveguide with approximately 20 pounds of dry nitrogen. Pressur-
ization was no problem since the magnetron output contains a microwave
window and the cavity window contains the gas. A partly resonant two-

Ii level experiment using this magnetron will be run in the near future.

The next series of experiments was an attempt to use the OKI Ladder-
tron to drive the resonant cavity. The Laddertron has an output of approx-
imately 15 watts at 34.8 GHz and is tunable over a narrow passband. The
power level is low enough to prevent window problems, but enough power

I is available to generate third harmonic according to Smith (Reference 28).
Unfortunately, the Laddertron cannot be effectively modulated by the power
supply. It was decided to power modulate the output in a ferrite modulator
to overcome this problem. In this device, the electromagnetic wave is
transmitted through a section of circular cross section ferrite. When a
magaetic field is applied to the ferrite, the polarization of the wave is
changed and no power is coupled to the output waveguide. With no mag-netic field applied, the field couples through the modulator with very low

loss. It was possible with this device to obtain an insertion loss of lessI than 1 dB with no magnetic field applied. Transmission with the field
applied was down 15 dB. A two-level partly resonant experiment was run
with the Laddertron and Modulator shown in Figure 5, but no third har-

I monic was o'Lained. If the cavity and waveguide system can be optimized
at a higher power level it should be possible to obtain third harmonic with
the Laddertron source.

To suppress the third harmonic content of the Microwave Associates,
I Imagnetron, the low pass filter shown in Figure 6 was designed. This filter

replaced the filter discussed in the third quarterly report. Further tesý-
ing verified that the cutoff frequency of the original filter was too low.
The revised filter had a higher cutoff frequency with less than 1 dB loss
at the operating frequency of 34.8 GHz, but the third harmonic rejection
was only 13 dB. Filters of this type have a limited upper frequency range.
According to Young, et al (Reference 39), the incoming wave beams to the

I 3 output with no tight coupling to the waveguide walls, at millimeter frequen-
cies. This effect limits the obtainable harmonic rejection.
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B. MULTI-LEVEL TOTALLY RESONANT EXPERIMENTS

I The totally resonant experiments consisted in construction and testing
of parallel plate interferometers and beam splitters. A vacuum system
(Figure 3) was also fabricated to test corrosive gases, but has not yet been

Im used. Figure 7 shows the high frequency parallel plate interferometer
operated at 120 GHz. The resonator plates are made by electroforming
nickel to 0.001 inch thickness and by gold plating tne nickel. The inter-
ferometer was tested for Q value and transmission loss before the beam
splitter was installed. The Q value at 120 GHz was 9000 and the trans-

mission loss was 12 dB. Careful alignment of all components was necessary
to obtain satisfactory operation. A beam splitter was then added between
the parallel plates. The support housing for the dielectric sheet allows

S1 the angle to be varied in both the vertical and horizontal direction. Various
* thicknesses of mylar and mica were tried. A sheet of mica 0.002 inch

thick allowed transmission with the sheet normal to the direction of the
wave front, bu' alignment was very difficult. To obtain an output signal
required difficult adjustment of the support structure. It is suspected
that the mica surface is too uneven to be useful for beam splitting.

Several pieces of mylar were also tried in the beam splitter. Adjust-
ment was easier and it was possible to obtain beam splitting with a 0.002

* ,1 inch thick piece of mylar at an angle of a few degrees to the wave normal.
*J Work on the high frequency beam splitter will continue. The supporting

structure will be changed to stretch the dielectric in a radial direction
" I similar to the interferometer plates.

The low frequency interferometer shown in Figure 8 was assembled and
SI is being tested. This interferometer has a Q value of 10,000 at a frequency
* of 40 GHz with a resonant transmission loss of 13 dB. A beam splitter to

couple energy out of this interferometer was designed and is under con-
struction.

The Q values that were obtained for the interferometers are low. How-3l ever, it must be remembered that all of the fabrication techniques are new.
Further experimentation is necessary in the areas of nickel electroforming,

• Igold plating, and support ring design. It is believed that fabrication im-
5 provements will be realized in the future. A new gold plating electroform-

ing bath has been added to the plating facilities.
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Figurc 7. 120 GHz Parallel Plate Interferometer Test Setup 1.
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IV. CONCLUSIC"

L A thin metal strip and a dielectric sheet beam splitter have been de-

signed. Fabrication and mechanical mounting of a metal strip beam[ splitter is more difficult than a dielectric sheet beam splitter. Therefore,
the expearimental effort hod been dire ted towat- I the use of the dielectric
sheet design. Demonstrations have priven that -t .7 poissible to operate a

[ high Q interferometer with a beam spli er in the nteraction region. A
study of asymmietric top gE- aer Indicate ttiat t - of the more stable gases
should be used for the totally resonant pumpIng scheme as these gases

I present no serious handling problems. The use of methyl fluoride for the
two-level system is limited because the gas decomposes in the high en-
ergy field. This gas will be ret iaced by fluoroform which is more iner.
and has approximately the same 'ransition frequencies and dipole mo-

I ments as methyl fluoride.

t

L

L
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"V. PROGPAM FOR NEXT QUARTER

Design and construction will continue on the most promising typeo of
beam splitters. An attempt %ill be made to select the beam splitter best
suited for operation in the multiple resonant interferometer. The energy
levels of several asymmetric top gases will be studied to determine appro
priate pumping schemes. The experiments to determine the corrosive
properties of gases will be completed. The design of several microwave
cavities will also be completed. Partly resonant two-level experiments
will be run with the new magnetron. In addition to methyl fluorde, several
other symmetric top gases will be tried. Nonlinear quantum effects in
solids will be studied. Tests of ruby, emeLald, and MgO (Mn) W11 be made
to determine suitable sets of transitions.
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VT. KEY PERSONNEL

With Dr. V. E. Derr acting as task leader without charge to the con-

tract, the manpower charges for the fourth quarter are as follows:

G. W. Bechtold 152.0

Engineering Aid 80.0

Presentations 43.0

Model Shop 275.0

I3
I
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I APPENDIX A

1 ~RIGID ROTOR ENERGY LEVELS FORI
SEVERAL ASYMMETRIC TOP GASES
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APPENDIX A

This appendix gives the energy levels for several asymmetric top gases.4
The energy levels are computed according to the following equation:

I W/h = (A+C) J (J+1) +-L (A-C) E(Tr)

where

W/h is in Hz

A and C are rotational constants

'1 E(T) is the reduced energy

J is the total angular momentum.

The suffix numbers in these computer runs for the Input Coefficients,
the Rigid Rotor, and the Nu Calculated values indicate the number of

places to move the decimal point to the right.
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METHYLENE FLUORIDE RIGID ROTOR
TRANSITION FREQUENCIES

Input Coefficients

~*4c~q~r~3~ 1 a =01
B . 10 633893F 05 b= 1.96 K -0.932077

0 o.9.2492 31 F '=4
j 0

7 A RIG~n RJnR NU CALCULATED 14U INPU.1 f' 1 J~ ? rauJ ? I!I i NPUT

r .1*P387b)E ) a837DE 5 3
I lot 1 3Io - 3.qs399MF,9 )s o 8.230E 35 3.
-I 11 3.11365767F 24 13,LIBM767E 34 0.

-1 ! 101 -! 0.76985939E 35 0.*6885.999E 15 3.

? 2 it 1 110j 1 3.15S66440F 016 DoI5666443E 3S 3
SZa0o ?3 I ii 2.15gO54LRE 36 3,15054JRE 16 ie

211 3 2 2C1 ý- .4127493E 35 3.41273.183E 05 3.
2 • 1 2 212-1 0.11)66753F 36 0.119667.60f 36 3.
7 2o 2 ? .1..I C, .1156185?F 35 3.11563862F 36 3.
A 3O-3 2 .2.-1 3.z222O413qF 35 3.22204.139E 15 0.1 313 -?? 2101-? 3.,,723492F )5 10 2.947.92E 15 3.

1 . -2 2 2,24 7 -1.62197114F 35 -3.b2197.114E 05 D.
A , -1 2 ..2. 1 -1. 543 3'4+448 35 -3,5403'.A48E 35 3

3 3 22, r 2 2 r ) .t75162R3E 36 M.75162SOE 06 3.
3 3l 31? .212-1 3.17•4371BF 36 3.17943248E 36 0.

2 2 .20.2-2 3.qI25Z?71E 36 0.412522.71E 06 3.
S2.31 2 a2 O 2 1.'i6fl13O 36 3.2556)S43E 36 3.

i3 o 3 2 .22 Al 3*?S5640?76E 36 3-,"5564016E 06 j.
S3).2 -1 3 303-3 1.43429)12E 35 3.43429.012F 35 1)

-3 zt 3) 3 o3 -7 3.121t2129E )6 3.1712L29E 36 !.
1 3 21 1 3 311-1 3.11376903F )6 3,113769,03E 06 3.
3 3 it 2 3 3 2, 0 3*19S08143F 36 3ol96380.93E 06
"A 330 3 3 3o0-1 3.353130422F 36 0.35313422F 16 3.
3 3 10 A 3 -';L I 301959041RE ) f. ).1'95936.1BE 16 3
4 0.y -4 1 31.2-? 1.4376143LF 25 0.43761I,01E )5 0.
S4 •0/, -4 3 , 2 -1.27404041E 36 -3.,274(4 08E 36 3.
4 3 3:itl+915ýE 36 0.11I93541E 6 31 6
4 4/14. "' 3 ,31 1 -1.45262111IE )5 -3*45262.I31E 05 0.

4 -4;3? 3 3. 1) -3.3,54397E )S -3.31543-897E 15 0.
4 3 31.2 -1 3.19qqqE 36 3.l92978.79E 06 0.
4 .13- 3 *3.4u 3 -3.11569643E 36 -3,1166-16A13E 36 0.

4 4.2A 0 3 3 m-? 3.20163118E 36 3.201631.48E 36 0.
4 q,: n2 3 .331 2 -)etlS1?I)4F 36 -0.1161TL34E 06 0.
4 a3 2 1 3 .. 03-3 3.43258451C 36 3.43253463E 06 ,.
i4 434. 1 3 3.2 I 3.275380)kgE 36 3.2753W1#9E 16 0.
4 3• .1LL0 3.27556578P 36 0.275555.78E 36 0.
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4 'I 3 3 3 a2 -1 3,66357Sb3E )6 Oo663575,63E 06 0.

4 40 4 3 3 1. --7 0.67170322F 36 Ooh7170322E 06 0.
4 04 3 2 3.3539011OF 36 0*35393LW3E 06 0.

4 a g- 2 4 404 -4 3.4#641,992E 35 0*4641509qE 05 0.
4* 424-t44 -4 391,244719aF 36 3,12401,89F 06 0.
4 40 4 - 3.111,453M8 36 0o.11145378F 06 0.

A# 4 qA3 -1 0*19617674E 36 0.a196l?6o74E 06 0.
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4 4. 1 2 4 42 0 0,1,9351659E 36 D.19S6SS59E 06 0.
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4 if 40 4 4 -1,2 .58152582E 36 3.5BI~i258E 06 0.

4 40 4 317 3:24,1.15 3f. 0.27441U15E 36 0.

5 i . 54 q4-3 3.65S9?536E 3t 3*65697.536E 05 0.
r, 50.-5 4 uJ) 1 -0.2549910BE 36 -0.254951OSE 36 00
9i 5'1- 4 oA4  3,12860412F 36 D*12S604l2E 06 0.
gi 5s5 -4 4 A4 1. f' -3.Z92656S8E 35 -0.29Z6S.65SE 05 0.
5 51,6-4 4 ,440 4 -3,49933??0E 36 -0*499337J0EF 06 0.

614~~-3 4 q.. 3-1 -3.84363806F 34 -0,8436-3806E 04 0.
3 4 q 3 -0.4?9033?4F 36 -3,4?90l3k24E 06 0.

5 A;~- la4 -2. 0.21311643E 36 0*21011663E 36 0.

5424 .431 2 -0.96993244E 35 -3.q6993.244E 05 0.
S SA -1 4 0~4 -3 3*2204S789&E 36 0*224870qA6F 36 0.

L.5 5-14 4.32. 1- -0095169653F 35 -0*95?69660E 05 0.
5304 404-4 0.45290190E 36 0*45290L93E 06 0.

L 4 2,2 0 0,29503212F 36 0*29503242E 06 0.
5 353 0 4 4#o 4 -0.17503991F 36 -0.175039R1E 06 00

5 !53:L 1 4 4J.3 -1  0*29557295F 36 0*29557165E 06 0.
5 ~3 2 1 4 4 3 -3.1?50243tE 36 -0, 1 50240 IF 06 0.
5 .5q.1 2 4 -2 0.6386924F 36 0,68086:121W 06 Do
S5 4 2- 3,373759STE 36 3o3737596?E 06 00
9 1 4 414-3 3.59441223F 36 0*6q44ta23E 36 o.

5 .5,41 3 4 432- 1 De37376362F 36 0*373763A2E 36 0.
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57 5'1I 4 4 Y,"io 4 3*1#5217774E 36 0.4521?7.74E 06 0.

r!;o5 4 Y-23-1 0,722?T460E 36 0.92277460E 06 00
'~550 5 4 441 3 0.4521777SE 36 0*452177.75E 06 0.
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S5 ?- 5 ;- 3 0.10984146E 36 1.10684346E 36 0.
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5 4.2 2 5 6-3 -3 0*27$38334E 36 0.27438334E 06 0.

- 5 541 3 5 511L- 3  3.57937673F 36 .5oS837A.73E 06 0.
5 S # g 1 3 s 5 3 1 I 327436?S0E 36 0,2?436760E 36 0.
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5 5.3J 4 5 J'4 a. 2 3e35283432F 36 0*35283462E 06 0.
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.1,560 -1 0*42236752F )6 D0.22361.S2F 06 0.
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7 7" 4 6 41-/ 4 01.573316S7E 36 0.57031615E 3 t 0.
7 71/ s 6 46-5 3.152675'3?F 37 391526250NE 07 0.

7 74 i6 6#-1 3d11744S2E 37 0*11914461E 17 0.
7 '71" s 42 3 0.57)33826F 36 Do 57031 WIE 06 0.

1i77 el 6 0j, -6 0*2062S196F 3? 3,206?Sl9iE 07 0.
7 v-y 6 6 ,of z- 2  0.19013902E 3? 0.I190139WE 0? 0.

- 771 6 6 6 2 2 .1432?eZ3E 3? 3*14327124E 0? 0.
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JI TAu 1 J 7 t AU 2 RfrinI R3tOt NOi CALCULAMF 041. I4PiJr

7 7j to6 6 IIS4S7115OF 36 3. IS 4074~1,5E 06 0.
I? & fa1 -3.1-))38126F 37 fl.19fl38l1?.E 07 0.

7 71 & ~3 I 3,143?7A2?F 37 3.1432782.7E 07 3.

7 770 7 6 u~ 5 M.4973150F 36 M.40731.53E 06 3.
? 1 -5 ? '7(.7 -7 J.6 14#4837E 35 3.&1444037F 05 0.
7 7at-4 7 717 -6 3.13699434F 36 3ot36914.4E 36 3.

? 11- ? -a' 3.10349556F 36 0.L0349SW6 36 0.
I7a6 7,j &-4  3.197?34?9E 36 3.19M~4.29 06 3.
7 7#-17 70-Y -7 3,35197944F 36 0.35?97984E 06 a.

? 7.ai%- I 7 L4-I 11331E) )933406 o
3.04?2F608471,? IE 06 3.

7 7,#4 1ý 7 745- - 0?70iI425?F 36 3,274247457E 36 3.
7 74.3 1 7 6 -S 3.57365979E 36 3.5 S70659.99E 36I 0.

7 7/J1 -4*- I ),7424OF36 0.24312?48E 36 3.

7 /127 7526 -4 3.2295 6 0,94322%95F 36 3).
1.)2-S08 37 3,3S76513,08 37 0.

7 7.54 2 37 4y23667 375
7 6,J 7627 - 30,9865666E 36 3.59886566E 06 3.

7 77-. ' 3 0.l9t?36155 37 3oS1?99635E 07 3.
7 Y r 71S3.50266183 36 3.152966L53F 36 3.

7 ýj 7ti -6 0.13ý24231F 36 313924463IE 07 0.

? 7(,. 'k 7 6O 37.j7596q42E 37 -3.17696442E D7 3.
A7 4 I. 2 3,3.q 2)S8)%F 36 03.R288068E 036 3.

76 1 -7o7 139 74611 9F 31 3 173 6 353ME 06 3.
? 76# S 7 7-V-. 110564(1949 37 3,105R0980E 075 3).
7 -7o 7 7- 1 3,312569Q34E 36, -3455 312221E 36 3o
7 7- -7 7 7J6 -4 MIS123967 3? 0.1736513,bF 07 7).

? -~771 6  7 -/i 0 -7.Q129311?E 37 -,12936150&E 36 2
7 7 i 16 4 -3,5096615?F 36 7).II9IL6SQE 07Op. L
7 71 3'7- 7 7"#-? 3.19275784E3 36 3.12577R4ME 36 7).
7 1 77 7 734-1 3-7603?998F~ 35 -0.17607998E I 5 0.

7 7 7Yj3 - lt:3.658331 36 -3.12963S13Q Of 3 .
7 7 7 '76i 7 I*.1636715q 37 -3.16096615E 37 7).

A ~ 47 3.1632(4271F~4 36 3.132423710F 06 0.
* A y-q 7 -7 -3.?O175753E 36 -3,2M3477,92E 35 3.

A-14 7 -2 -. 4 7 98 )5 8 F 36 -3.h5S7'3I2%F 06 3.
q-17 -71i 6 -M.15q6369FE 37 -0.L?69644,?F 07 is

fit -7 7 7? 3.51703791SF 36 3.51760378E 36 3.)

gig 7 7 '7-3 1 ).kS69S3E 6 -).4S&993F 6 3
q -7 ? '7(.l 5 -. 29740 7 -,1163# 7 1



J~ 1 1& 2 r~u 2 RIGID R3U0R W4 CALCULarfo NU H4puV

A 37 -1 3.35219?*IF 34 3. 3S2097.41E 36 0.

Fk S( -1 7 713 1 -3.11506',9? 36 -3.tl504&12E 36 0.

-3 ?7 7'P 5 -3,599IJ404OE 36 -31c9904082F 06 0.
8 -2 -4 3*355671S7E 36 0.3566718E 36 0.

A -2 -44 3.1 1460499E 3)S -0,11480499E 06 0.

~~ -? 7 74,2 4 -3.8987801?F 36 -36 78.E 6 0
-t7 /1, -5 3,7Zq7ZeSSP- 36 0. 7297?USE 06 0.

A -177,1 303193S8E 36 0,4133I9MF 06 0.

? U .2 3 5 -3,19368294E 36 -0.19364204E 36 0.
7A- 7 70 -3,1 1345666E )7 -3l1134566AE 07 0.

A l7 7v- 3,76754512E 36 0076754u2E 06 0.

r,7 7.;s-2 5.1#3331650 36 0.433316M0E 06 0.

-1 7sa ? -0o13 .1q1 6716 36 -0,19367%16F 06 0.

4 77 6 -3, 1,134562 RE )7 -0.1134562WE 07 0.
Si 0.q 17 77-7 3114 3ASI lF 37 0.11439530E 07 0.

8 17 7.25 -3 3,;97912S2E )b 0.976912,52E 06 0.
A -fl71 3.51174S19E 36 oe51174sa9f 36 0.

A7. 761 q -3.2?2A2SS9E 36 -0,27222Z69F 06 0
? -7 72 - 3.,M22634E 36 0,9S3226A4E 136 0.

,3 7 -7 t 0 3.511?4947E 06 0. 5 174 9A E 06 0.
A 532 1 _ 4 -3.2 7222556F 36 -3.2?7ZZ2bbf 06 0.

r- r~MUI .535910E 37 OsIS13S91.)E 01 0.
T Ool .2170560F 3? 0 1 117?0 40E 37 0.

0(. 3- 1 7s.2~ 3 O.S93t7916E 36 O.59O17%Z6E 06 a.
St 3 7 -7-0 7 -0,3S3?04*SE )6 -0,3537044E 06 0.

-R 3. ? 7- .15514035E 37 0.1551403.SE 37 0.
A 24 ? 3: 3.12171IUSE 37 0.121717ME 07 0.
R 124 7 -. ,32 0,59317917E 36 0,59O179A7E 36 0.

-AgR 4 7 7w6 -0.353704k5E 36 -0.3S070%45E 06 0.

9 7 5 7 707-7 3.2fl846T4?F 37 0.Z08467gE '37 3.

R 1-. 7 7IS-1 3.19191317E 37 0, 191973307E 07 0.

A F7.2 5 7 '74.3 1 3.14S25614E 37 0.14S2S6WA O7 0.

R W71 5 7 '71a 5 ).66BS~95SF 36 0*668S9w2E 06 0.

9 F7y 6 1 4 ).19240475E 37 3919240476F 07 0.

A 7i6 7 7g/0 3.1452?OT07 37 0.1452570JE 37 0.

9-1 6 7 7 o4 3.6695q55?F 36 0,66S59WE 06 0.

11 -7 t5 3.261131IRF 37 0.2610030E 37 0.
72 3t9- 3.34?698F 37 314?6ME 07 0.

8 1 7s~.3 3.169?892OF 37A.68769ZOE 07 0.

77 -7*e 7 I.?4700614F 36 0.,74700IA4E 06 0.

A7 -7)-f-6 13.26491162F 37 0*2ft4911ifE 37 0*

yv A 7 -735-2 3.23148876E 37 0.231488S,6E 37 0.
A , A 7 '753 7 3.16S7R20( 3 0,1687S92,OE n?7 .

Y! a 7-71 3.74?00414F 36 0.74703604E 1t6 0.

8 i-6 t ot -3 .68@57375E 3s 0.66sS7MSE ')5 0.
si -7 1 .14261917F 36 3.14261S*17F 06 0.

1. p M.10l946E 36 0.1OI'5V6E 36 3.

t '1 *.19R0I4f#3E )6 3.19601, 3E 06 3.
jb -2 f ). 5A E 0.36124ZA3 0 0

13. -8 at 4 .191917E)b 3.19119SA7E 06 3.

8 S1 111: 7 26147!,SfdF 36 3.614?6*, 1 06 0:
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JI TU 41 J ? IAll MIGM PITI2R W CALCULArEf) NU 1j4Ur

A 4 0 6 1 -6 'J.iA62fi4fl 26 OO566264%04~ 06 0.
4 g p -2 32d73S7AlF3 6 3 2I .7 38 ? 1% tF 08 2.

Ij 7-11 3.9249291isE 30% 0.624N2VSF5 06 0.
15 8s 1,4,r~ -1 ).I52&7QICF 26 3o35l67?S2E 36 0.

S5 -1 3.941?969?F 26 0.qA71960?F 06 0.
it2 4-4 3.gI774Q84E 36 0.817749A4F 06 3.

0 3. 3 -3&7555SF 26 2.l1s'7h%5E 06 3.
8 -7 0.139661305F )? 0. t YS630jF 01 0.

3~ R Y 43*4 -1 3015C79Q7SE 37 0.I057997$F 07 2.
S3 4 3000SRe 2 6l 34.431182AIE 06 0.

A a.fi3o5O1224E 37 0.1150122.,F 37 2.
A ; 4 117~

4 4 3 3001L18279E 2a to 4311421QE 06s 0.
s 47 3al- 2I?5q653?F 37 3, 176S6S0.7E 07 0.

A 5 0 -1 3*1Z93500SE 27 0.1Z9350*E 37 0.
.1 1% A 1.33 0, 50961144OF 26 0.50963&k)E 06 0.

6c -R 5.19286192E 37 0. 192661WE 07 2.
7 1~7 6 4 .2 - 4 3.l7~S570E 327l 2.75SOS04 E IT I

A -7 1 & a ' 0 M2.Z44957E 37 A.129349&.7F 27 0.
7#6 4 A S 0.59 61.0#C F 36 ). SC963 B.Of 0h 0.
7 P1- tt- .24963433F 2? 0. 249634363E 01 0.

41 A -1 3.ZlSShIOF 37 3.21557IVE7 27 0.
A7 a 1 1.1526895&F 27 3S28I52SAF 07 0.

? A -5 315890S744OE 26 0.588014#3E 06 0.
A f 1~72 -6 2.ZAA7352F 3. 2.44733%2E 27 130

Vi; 35-2Z1SS45D0E 27 0.Z)554520F 3? 0. [
A ~ ,32 M2.15 SS5ff 37 3015Z68SAF 07 i.

IV __7 M.8307440E 26 1.599074AOE 06 0
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DIFLUOROETHYLENE RIGID ROTOR TRANSITION FREQUENC ~S

Input Coefficients

4 0.110317CIE 05 lia s 1.368

A 0.104777133! 5 K --0.932077

i i I IAU 1 J rAu 2 RIGIDo qlri~ NU CALCULArFI) NUl iipur

1 -1 -0 0 0.1%T7ZIOOE 35 0.lS??2jOOE 05 0.I 1 n 0 f.50619C00E 34 0. SO8LOO100E 04 0.
2 -2 1 -1 0.2699037?2 05 0.26990047ZE 05 0.
7 -1 1 0.26462300S 1 .86~0 5 0.

? n I I 0.36S26130E 3' 0. 16626400C 05 0
2 2 1 -1 0. 4 AS5?K2? E )S 1.48" 5102TE 05 0.
? 0 2 -L O.1524%TOOE 3S q. 15245J00E 05 0.
2 1 2 -7 0. 1 TO 1362 7E 35 0.17013 TFl 05 0.
2 72 1 .45SS3 2 ?4F 34 n,. I-SKM 14F 04 0.

? - -2 0." 5 5491 E 5 ~3 74SNAS 2E 05 0
A -1 2 2 .159880C2 TE 35 . I SAS"? 7E 0r, 0.

1 -2 2 -1 3.37411953f 35 0 .374IZ,~6nf 15 0.
3 -1 2 0 0.48810586&E 35 0.4A8..S Il6efA4 TI ' 1 0.73630!35 0 .4 ?16,30^ F 15 C

3 1 2 -2 I.7A7444'72F 35 0 q 4~5Zf 05 0.
12 2 0.%717714 3S .1.571fll7,11F 05 0.

32 -1 0 .I Z140 ý IQt O0S 0.SZ140339F 35 0.
32 0 ý'.707416,13E 35 3. ?0141161 IF5I 3.

1 13 -2 0.z 66444.,7 E 35 0.26644#26f 05 o..
3 3 -3 0.26474445E 35 0.26874A4SF 05 0.

3130 tý.14414646E D5 0.14414.646 05 3.
32 3-1 0.1 83440t, E 05 0.ls044S3F1 35 0.

1 -2 '%,5 7545 3E 05 3.40k?5*h53E 05 0 .
A 0 .%9_14697)6E 34 0.3441~716E 0 4 0.

4-4 3 -3 .4012?3771 3% 0.48121771E 0%I ' - 4 3 3 .6 046ft)7 f 34 '). 6 43 46 0 ? 04 0.
4 -3 3 - 0.48121562F 35S 0.4612156?F 0% 0.
4 -3 3 0 03 3930123 3f 0. 'A 9wiz3 If34 a.

-2 3 -1 0. 17. 35 1 4b F 35 0.3753498M6 35 3.

')51559 35 0.37C3.134f 35 3.
"" 1, ~0 *5S96 " 6 35

0.11l9SOZF 36 O.iilqsiofl 1 4 0.

- .hs7lQ1437F I% 0.47991437! 01, 0.

-I 0.493-13366E 35 '1~35bA % 0.

4i



II I N.1 I TAI ? Ri ' I r.1 n Ct)fri" Nit rALCULA~rrL IIPJT

I 0.7714418F 35 0.77374,438E 05 0.
443 -1 0.13473214L- 36 1 .13473 2,34F 06 0.

43 1 1 .43 443 ?4 9 E 219 0.9! ,43V49E 05 1).
4 4 ~-3 .3719 )sr 0. 3 43149P25E IS 0

-it 3.37505?33F 35 0.37505,203E 05 1).I
44' -I. '.26323'15"F 9 1.26323,053E 05 0.

41 4 -7 0.2 7009iq33E 25 0.2700%330F 05 0.
4 ?4 -1 3.771 '1333E 25 097782R*30E 35 3.

41 0.133299?SE I 1 0 .133 2%9s5E 05 0. I
4-4 0.~1355234SL- 25 0.8355~w345E 05 0.

4 n .191744fl2E 25 1.197244)92E 05 1
1 +4-1 0,49IM10336 35 no 4,9103,365F 05 0. I

4443 0.3fl56?224E )4 0.39562234E 04 0.
-44 -4 0,58812592F 25 0.5881?0592F 05 0.

5 54 f) -0.501566117! 34 -0.50156610E 04 0.
-~4 4 -1*277959?TF 15 -D.217q9.9k97E 05 0.

-4 11 -3 0.58RP1499E )5 0.598I1b99E 05 1.
-~4 1 -3.5 6 5 89 5 1 24 -0,.5685056 E 2)4 01

-I 4 -7 0.~,9548137E 35 0.6954R4107E 09 0.
Ll4 2 1.2 92 089) IE )5 O.29Z0M03E 05 0.

4-1 0.93RA .5 0695 3 Zoo 88E 05 A
t,4 11a.34tI5746ý- 29 0.234R5J46E 01

-l4 -4 O.1444467RE )6 0.144446igE 06 0.
-1 4 0 19.806l80?SE is9 0.80618C?5E 05 0.

c; -1 4 4 0.578 37 IL ()E25 0,57837,310E 05 0. I
44 -3 1.1445ion5E 36 O.I.44510,P5E 06 0.
404 1 0*80311696E 25 0,800114696E 05 0.

4 4 0.13?74054F 26 0.I32740b&54E 06 0.
r14 2 n.32401234E 25 0.9240I.?34E 35 0.
44 -1 0*134235?5E 26 0.1342351?5E A 0.
44 3 C,.I8181~1lE 0 5 0 # A18 8idtOF 05 0.
9A4 -4 O.t R375'*SV. 26 0.183?59#5E 06 0.

14 ) 0.11993120E 26 0 .1199 3 VOF 06 0.

44 4. -1 0.Iq?3054RE 26 0.1923054RE 06 0.
44 1 rJ.i2780713E 06 3. 12RO7,013E 06 0.

S 4 -2 0.IS710081E 06 0.157L0OPlE 06 0.
4 2 0*11676150E 36 0.116761*60E 06 0.

4 '5 -4 3e4R224634E 05 0.402244ý34E 05 0.
-1 5 -0*48225530F 05 0.48225.500 05 1.

-1 5 -2 0*3740ft187E 15 33740U,187F 05 0.II -1 0.,374?2918E 35 0 37472~l BE 05 0.
1 5 -4 0*11141737E 36 0.I11141 TO7E 06s 0.

S 0 3,25719513F 25 0.2571q&13E OS 0.
5 -5 n,11292786E 06 0. 112927#46F 06 0,

15-1 C.272941711 05 0 .27294s177E 09 0.
5 -2 0.767213&0E 25 0 7672 ls360E 05 C).

43 '3 2 0.12018497F 25 Do 12018097TE 05 ý
o. 5 -3 3o85268349E 05 0.85268o349E 05 C.I

44 5 1 0,223?591RE 35 0.2207541BE 05 01
455 -4 0.13577733F 06 0.135T77V3E 06 n.
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" J I [J | J )' VA' ? RIGID RVOTR NU CALCUL4VEf 4U INPUt

5 0 0.500O97R1E 05 0.50019,J81E 05 0.

. 5 5 4 0.22843499E 04 0.2284,3499E 04 0.

5 -5 0.69502618F 35 0,69502ISE 05 0.

6 - -1 -0.16131068F 35 -0.1613hO65E 05 0.

:- 5 3 -0,55444242E 35 -0.5544Q42E 05 0.

S- 5 -4 0.69502615E 35 0.6950Z65SE 05 0.
-_ , -1.16194937E 05 -0.161•4,937E 0 0.

| -5 5 4 -0.63990368E 35 -O.639Q0368E U5 0.

* A -4 5 -3 0.02281?SE 05 O.802RJA qE 05 0.

6 -4 5 1 0.7035T48E 05 0.17035;48E 05 0.

A -4 5 5 -1.7324 5230CE 34 -O.73246Z)OE 04 0.

S-3 5 -, 0.80227357E 05 0.RO227,35TE 05 0.
S-3 5 2 O.15524993E OS5 0,1552%993E 05 0.

I -7 5 -5 0.17663413E 06 0*1766 i4J3E 06 0.

6 -7 5 -1 0.910004f#E 05 0,qI00A41E 05 0.

A -• 5 3 0.C1687268E 35 0.5168?72h8F 05 0.
, -1 5 -4 0.17563841E 06 0s17663PA I 06 0.

-I 5 r 0.90940861E 35 09094W6'eE 05 0.

A -1 5 4 0.43145431E 05 0.43145A31E 05 0.

A 0 5 -3 O,16565873E 06 0,165658J3E 06 0.

6 5 1 0.10246630E 06 0,102466&30E 06 0.

"6 0 5 5 0.781060301 05 0.?O7I030E 05 0.

6 1 5 -2 D916584708E 06 0,1658410SE 06 0.
S1 5 2 O.Iflnl 4472E 06 0. 01144P72E 06 0.

A 2 5 -5 0.23883452E 06 0.23883452E 06 0.

6 ? 5 -1 0.15320083E 06 0,15320003E 06 0.

6 ? 5 3 0.11388766S 06 0.11388766E 06 0.

6 3 5 -4 0.24170161E 36 0.?4170161E 06 0.

6 3 5 0 0.15600405 06 0.15600405E 06 0.

6 3 5 4 0.10820862E 36 0,1082Ob62E 06 0.

6. 4 5 -3 0,20400172E 06 0.204001J2E 06 0.

6 4 5 1 0,14080929E 36 0.1408099E 06 0.

6 4 5 5 .,11644932E 06 0.116440402E 06 0.

0 5 5 -2 0.215L-656fE 06 O.21586%60E 36 0.

6 5 5 2 0.15116324E 36 0.15116V4E 06 0.

6 6 5 -5 0.26570506E 06 0.26570%06E 06 0.

6 6 5 -1 0.I800I3RE 06 O.LAO07I0BE 06 0O

6 6 5 3 O14075820E 36 0.14075.OE 06 0.

A -4 6 -5 0.58950198E 05 0.5A95W199E 05 0.

6 -3 6 -6 0.58950238E 05 0.58950,238E 05 0.

6 -2 6 -3 3.44181271E 05 0.4818Is271F 05 0.

",6. -1 6 -4 0.48185601E 35 0,4818W601E 05 0.

A 0 6 -5 0O14438075F_ 36 0.144380#75E 06 0,

6 0 6 -1 0.37244950F 05 0.37244950E 05 0.

6 1 6 -6 3.14456996F 06 0.14456%96F 06 0.

6 1 6 -2 0.3?438457E 05 0.37438A5?E 05 0.

6 2 6 -3 O.1.1038166F 06 0.1103914,06 06 0.

F66 1 0.24761932E 05 0.24761*932F 05 0.

6 16 -4 0.11324979E 06 0.113248;9F 06 0.

6 36 0 .2781824ZE 35 0.2781%42F? 05 00

6 4 6 -5 0.18272374E 06 0.1.82723074E 06 0.

6 4 6 -1 0.75587942E 05 0O75587,J42E 05 0.
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1 TAl 1 J ~ ~ il) iI G.IO 4)TI] NU CALCULArFn) NU INdPUT

4 6 3 0 1052479 IF 05 0. 10524o75 IE 05 0.
Ci -6 0.19108848E 36 0.Iq4580ARE 06 1).
r.6 -2 3.47456976F IS 0.87456s976E 05 0.

k 2 O0a5256S87F 35 0.25?56.587E 05 0.
66 6 -1 1.13725221E 16 0*1'3725321I 06 0

A 6 1 (l.51532479F~ 05 0. 516326479E 05 0.I
66 0. 0 91613963 P 04 0.16130608F 04 0.

7 -7 6 -As D.8019?750E 05 0.l00I9Z7050 05 0
7 -7 6 -2 -11. 7693R759F 05 -0.2694%.759E 05 0.

7 -7 6 7 -1).l9139l47E ) 5 -0 R1 q139.1 4 E 05 3.
7 -7 6 0 -0It1I60C97fl as -0. 116009960E 06 0.
7 -"J 6 -5 0.9(019275OF 05 0.8 019 275 OE 05 0.
T -6 6 -1 -qn*26943049F- 05 -0 26943049F 1)5 0.
7 -6 3 -0,92006?40c 05 -0.92006040F 05 0.
7 56 -4 C,90916R24E 05 0*90916A24E 05 0.
7 -56 0 0,54862737E 34 0.54A62737E 04 0.
7 -5 6 4 -0,32956719E 05 -0.32856#719E 09 0.
7 -4 6 -3 0.40916786E 05 0.90916o?86E 05 0.I

*17 -4. 1. 0.52970583F 04 .15 297#058 3E 04 0.
7 -4 6 ; -n.44721460lF 15 -0*44721*460E 0S 0.

7 -3 6 -A f,.2098R256E 06 0*2087R2,56F 06 0.

7 -3 6 2 ').39450l665E 35 0.19453A65E 05 0.

7 -3 6 6 0.1258IO1I7F 35 0 112 5 80o,1IE 15 0.
7 -2 h -5 012 09 7 A28 OE 36 0.2087O2O0E 06 0.
7 -?6 -1 0.10164700E 06 0.101641J30E 06 n.
7 -'6 3 1,.36583809F 05 0.36SR3,P08E 05 0.
7 -l6 -4 0.19794164E 06 09lq794IJ64E 06 0.
7 -1 6 0 0.1125l10~E 06 ol~l1?91IWQE 06 0.
7 -16 4 1.74168094F 05 0.74I6V4.94E 05 0).

7 6 -3 0.19795722E 26 C.l9795?V?E 06 0.
7 06 1 t).11213750F 06 0.11233j50E 06 0.

1 )6 5 0.6?318976F 05 0.623I84976E 05 0.

716 -16 0,2q385O66F 36 0.293950,66E 06 0.
7 16 -2 0.18671Q15'E 96 0.196719,15E 06 0.
7 16 2 0,12451476E 06 0.124519,76E n6 0.
7 4 6 0.97648210F 35 0.q7648R?10E 05 0.

.7 2 6 -5 0*29431409F 26 0.2943 4.09E 06 0.[
7 7 6 -1 0,19717829E 36i 0.1R717V~9E 06 0.
7 6 3 0.1221150*F 06 0,.122l1V9E 06 0.
7 3 6 -4 0,258R7699t7 06 0.2587R6,P9E 06 0.
7 3 6 4 0.I.3501345E 36 0.1735t13b5E 06 0.
7 3 6 0 0,L373364SE 06 0.173S3,5~.E 06 0.
7 4 6 -3 0.2635q806E 06 0.26359@p6E 06 0.
7 4 (1 1 0.1779?B34F 06 0.17797434E 06 0.
7 f* 6 5 0,127q5982F 06 0.127q5%8?E 06 0.

7 5 6 -6 0.3 3145136OF 36 n 3 31458.6P S 06 0.
7 5 6 -2 0.22(#32717F 08 ( l2 24 3 2 717E 06 0.
7 C,6 2 M61212670r 06 0.162126,78E 06 0.

7 5 6 6 0.13525623E )6 0.13S5k253E 06 0.
7 6 6 -5 0.34706701F 06 0.34r06701lE 06 0.

7 6 6 -1 (0.2l993IZ1E 16 0.23993ip2lE 06 0.
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II Tl 1J 2 tAti 2 RIGID ROTOR NU CALCULArED NU INPUT

- 7 6 6 3 0.17486902E 36 O.17486fW2F 06 0.
* 7 7 6 -4 0.,282016DE 36 0. 289Z20 366F 06 0.

7 7 6 n 0,20377305E 36 0.203?7jPSE 06 0.
7 7 6 4 0,16543006F 06 0.16543Dp6E 06 0.
[ 7 -6 0.69674271E 05 0,I96VII 05 0.

7 -4 7 -7 0.69674273F 05 0,696?7'2?3E 05 0.

I -%

7 - 7 -4 o.,8o15538E 35 0,S891I S53 E 05 0.
7 -2 7 -5 0.5R915777E 05 0.5891O77OE 0 0.

7 -1 7 O.17669900E 36 O.It6669SOE 06 0.
-1 7 -2 0.48109036E 05 0.48109 361E 05 0.
o7 7 -7 0.17671471E 06 0.17671463E 06 0.

7 0 7 -3 0.48124898E 05 04, 2148938E 05 0.
7 1 7 -4 0.14398363E 36 0.14398•l3E 06 0.
7 1 7 n 0.36943195E 05 0,36940395E 05 0.
7 2 7 -5 0.14444736E 36 0.144447*6E 06 0.
7 0 7 -1 0.37422250E 25 0.3742&,50E 05 0.

73 7 -6 0.23754444E 26 0.237544#4F 06 0.
7 7 -2 0.10895439E 36 0,10895439F 06 0.

1 7 3 7 2 0,343195E 35 O13602E 05 0.
7 4 7 -7 0.24235555E 06 O.24235V5E 06 0.

7 4 7 -3 0.11376574E 0.113765;4E 06 0.

47 7 1 0.28697646E 35 0.28697646E 05 0.

7 5 7 -4 0.18159166E 26 0.18159 1•9E 06 0.

5~ 7 0 0,T4351102E 3S O2.74S5VO0E IDS no

S7 -7 0,19715999E 06 0.29?09977E 06 0.

7 -8 7 -7 0.10T25912E 05 0.902#I786 E 05 0.
"-R6 7 3 0*-393. 826E 05 0.1832%86E 06 0.

• 75 7 -6 0.2745120SE 36 0.27 P5520E 06 0.
7- 7 5 .6 0. 13937gPIE 06 0.

S7 7 7 -2 O.5O6TS71BE 05 OD.lS33?6I7E 05 0.

i -7 7 -6 0.90882912E 25 0.90882612E 05 0.
-7 7 -2 -0.37706105E 25 -0.377075136E 05 0.

77 -O,12323T74E 06 -0.12O33•OE 06 0.
7 -7 7 6 -0,6538302rT 06 -0.7593839hE 06 0.

-6 7 -6 0.90882916 E 065 0.90882%12E 05 0.

-6 7 -2 -0,37471368E 35 -0.375o18799E 04 0.

-7 7 2 -3.12632384E 36 -0.1263238#E 05 0.
8 -6 7 7 -0.97799135E 06 -0.7599635fE 06 0.

8 -5 7 -5 0,10160642E 06 0.-O1608OE.E 06 0.

-5 7 -1 -0.5418081E 04 -O.543108TIE 04 0.

-5 7 4 -0,76626373E 35 -0,76702339E 05 0.

A -4 7 7 -0.2329342E 056 -0.926604 E 06 0.

f-5 7 -4 0.1OL60642E 06 0.101606#2E 06 0.

S-5 7 -I -0,54134012E 34 -0.543IBF8TE 04 0.

•".q -5 7 4 -0.?623743qE 05 -0.6126VS4E 05 0.

I -4 7 1 0.27266599F 25 0.27266099E 05 0.
S-4 7 5 -0.10341426E 05 -. tOO341426E 05 0.

A -3 7 -6 0,24092452E 06 O.24092Z62E 06 0.
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ITti i J I T rAtL R GI[ R')T'IR NUl CALCUJLATbfl NLJ INPUT

-• 7 -? 0.1123344TE 36 0.1123)4,47E 06 0.
M-. 7 2 0268031O. r 35 0.?6803.11BOE 05 0. 1

A A -0.2 594974 7F 35 -O.?r474E0 0.

5- 7 -% 0 . 2 33 1 13 6 5r 26 0.2't40165E 16 0.

?- 7 -1 O,123088,44E 36 0o12308 V4E 06 0.

S-2 T 3 1.62243487E 05 0.6224M3.B7E 05 0.
-2 7 7 0.31820872f 05 0.31824872F 05 0.

A -1 7 -4 0.2301146TE 26 0.20301140E 0F 06

C -1 ? 0 0,12307424E 36 0.12307424E 06 0.

S-1 7 4 0.57433396E 35 O.57430396F 05 0.

7 -7 0.347787O0E 06 0.3477974 04E 06 0.
7 -3 0.21919?•7F 36 0.7t91Z•?7F 06 0.

0 7 1 0,13412418E 36 0.13412viRE 06 O0 3
0 0.96516152E O5 0.96516152E 05 0. 3

.1 7 -6 0.34782849F 36 0,347928#9E 06 0.
A17 -2 0.21923q44F 36 0.21923%44E 06 0.

S.• 1 7 2 0.13370716C 36 0.133707.6E 06 0.
S17 IN 0. '3n9 4?2 qF IS O.90954-•2E 05 0.

"7 -5 0.3145RII9E '6 0.3145BU 9E 06 0O
' I -1 1.2075563R=_ 0, 0.207556&3AE 06 0.

2 7 3 0.14671103E 36 0.14671103F 06 0.
S7 0.116294'LE 06 0,1162q4•tlE 06 0.
7 -4 0.31556895F 16 n.315568,-5F 06 0.

A 3 7 0 3.20852R51E 36 0.20852F.51E 06 0.
S7 4 .3.14288767E 06 0.142887A57E 06 0.
S.• 4 7 -7 0,4O6965?E 06 ,0406Q6%21E 06 0.

4 ? -3 3.2783754OF 36 3.2783751OE 06 0.
4 7 ! 0.19330731E 36 n.Iq340 14E 06 0.

4 7 9 0.15569979E 06 0o15569V9' E 06 0.

A 5 7 -6 0.to1 4 32932E 06 0.,14329•32E 06 . [,
5 7 -7 0.24573q?7E 36 0.285739?7E 06 0.

A 5 7 2 0,2023079E )6 o.020020T-99E 06 0.

N 5 7 6 0.14745536E 36 0.14745 W6F 06 0.

A 6 7 -5 0.35191529g 6 30 0.351q15 V9F 06 0.

56 7 -1 0.2448q047r 26 0.2449O0Ak7E 06 0.
O4 6 7 3 0.l40451?F 26 0.194045 2F 06 0.

I3• 6 7 7 0.15362A50F 36 0.1536?P4 50F 06 0.
7 7 -4 0.37159050F 36 0.371590&50F 06 o0

.4 7 7 0 0.26455n.7F 26 0.264550,07E )5 0.

7 7 4. O.1qgO992?F 2h O.1qeqlO22E 06 0.
, 7 -7 0.44196494E 06 0.44196%94E 06 0.

qA7 -3 0.31337Q32E 06 0).313379,32E 06 0.I 7 0 3.22831093E 36 0.278310,93E 06 0.

p A 7 5 0.19370291E 06 0.o19070491E 06 0.

I -6 8 -7 3.803977q5E 05 0.30397,785E 05 0.

A -s A -8 O.R03977T5E 05 0.80397#785E 05 0.

-4 q -0 S.69643917E 35 0.696431007E 05 0,

•4 -3 A -6 0.69643818F 35 0.69643001RF 05 0.

i4 -7 A -7 0.20890501F 36 O._OR925•)E 06 0.

A -? 7 -3 O.5R96340gr 05 0.5RR6•09F 05 0. I
A -1 8 -8 0.20890604E 36 0.208906,04[ 06 0.

I -1 8 -4 0.58e64443E 35 0.59864,43F 05 0.
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J I !T4i I J 2 tAU 7 'IGIl ROt[)R NU CALCULATED NU INPIJr

8 -5 0.17650138E 36 0.176501U8E 06 0.
0 8 -1 0,.4799313SE D5 0.4799IA35E 05 0.

9 1 8 -6 0.17654T79E 06 0.17654V9E 06 0.
1 8 -2 0.48340568E 3S 0.48040JSb6E 05 0.
2 8 -7 0,?9337?55E 06 0,29337WSE 06 0.

9 8 -3 1.1433309F5r 36 0,143330P5E 06 0.
I 1 0,36426972F 05 0.36426V72E 05 0.

9 3 8 -8 0.29436031E 36 0.29436('0IE 06 0.

" 8 -4 O..44.1872. 00 0,14AA1812E 06 0.
9 3 8 0,37461140E 05 0.37461440E 05 0.
o4 A -5 "3. 3568452E 06 0.23568"J2E 06 0.

S4 8 -1 0.10717627E 06 0.10717?71E 06 0.
A 4 8 3 0.,21721995E 35 0.217210995E 05 0.
"8 5 8 -6 0.24304862E 35 0.24304B#2F 06 O0
S5 8 -2 0.11454140E 36 O.115414O0E 06 0.
95 8 2 0.30073858F 05 0.3007?358E OS 0.

6 6 8 -7 0.33370664E 06 0.33070604E 06 0.

q 6 8 -A 0.18066504E 36 0.18066%04E 06 0.
6 , I 1 0.73"61063E 35 0.73761,063E 05 0.

"h 6 8 5 0.72602339F. 04 0,7260#,339E 04 0.
9 7 8 -8 0.35338186E 06 0.350381.66E 06 0.
. 7 8 -4 0.20034027TE 06 0.20034027E 06 0.

9 7 8 0 0.93482694E 0S 0,Q3482•94E 05 0.
17 8 4 0,34299559E 05 0.34299,59E 01 0.
8 R -5 0,27068Rt4E 36 0.27068 •.4E 06 0.

"A 9 8 -1 0.14217989E 06 0.142179.89E 06 0.

8 8 8 3 0,56725615E 35 OS67Z25b|5E 05 0.

" 8 8 7 0.?0406136E 33 0,70406136E 03 0.
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U
I

I

VINYL CYANIDE RIGID ROTOR TRANSITION FREQUENCIES

Input Coefficients I
u =3.89

& z 0.490?600F. 05 Ma = 3.68 K = -0.9794778 ffi .4QT13300E 04
C 0.45140500E 04 Ab = 1.25

j I Ia~i J 2 TU 2 IGIlr) RMTtR NU CALCULATrFO NU INPUI

1 -i -0 0 0.94853800E 14 0.94853900F 14 0.
1 -) 0 0053590250c 05 0.53590250E 05 0.
I I 1 -1 0.'456?SOE 05 0.4456?ISOE 05 0.
1 1 1 0 0.4572?O02F 33 0.45729002F 03 0.

1-? -1 1..8967221E 35 0.18967223E 05 0.
1 -Ž 1 0 -0.2513?64TF 35 -0.25137647E 05 0.

S-1 1 -1 3.6261835, E 35 0.62618350E 05 0.
I -1 1 0 0.18513490E 05 0.185114OE 05 0.

2 0 1 1 0,19428040•F 35 0.19429040E 05 0.
7 1 1 1 0.15174?65E 06 0.15174?65F 06 0.

1 -I 0.1Q630834E 06 0.19630834F 06 0.
2 1 0 0.15220347E 36 0.15220347E 06 0.
2 2 -2 0.4.5322967 35 O4.5022967E 05 0.
2 2 0.13718401E 34 0.13718401E 04 0.
2 2 -2 0.1773375t6- 06 0.17731758E 06 0.
2 1 2 -L 0.13368645E 36 0.13368645F 06 0.
2? 7 0 0.1323I815E 06 0.13231815E 06 0.

'> 2 1 0.35374063F 01 0.D5374063E 01 0.
1 -3 2 -2 0.2•4414q92 )05 0.?8441992E 05 00

-, 2 -1 -o.,52Oq,35E 35 -0.15209135F 05 0.
3 -, 2 2 -0.L4889912E 36 -0.1488Q91?F 05 0.
- -2 7 -? 0.71419146E 35 0.71419146E 05 0,

-2 2 -1 0.2776802CF2 05 Dr 0.776020E 05 0.
S-2 2 2 -0.10592197F 06 -0.105q2197E 06 0.
1 -1 2 0 O.?9139843F 35 0,?9139843E 05 0.

S-1 2 1 -0.1031747?F 06 -0.lC3174?E 06 0.
i 0 0 0 0.6077075SE 06 0.16077075E 06 0.

S2 1 0.2845614ME )5 0.28456140E 05 0.
1 2 -2 0.20581140E 06 0.20581140E 06 0.

A 1 2 -1 0.16Z16029F 06 0.1621602E 06 0.
1 2 2 0.Zt847028SE 05 0*28'.TO2BfE 05 0.
2 ? -2 0*42746346E 36 0942746346F 06 0.

3 2 -1 0*18381234E 06 0*38381234E 06 0.
2 2 2 0.25012235E 06 0.25012235E 06 0.

A 3 2 0 0.38244052E 06 0.38244052F 06 0.
7 3 1 0.25012591E 36 0,25012591E 06 0.
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JI tA']l I J 2 tA1J 2 RIGID Rimfl NU) CALCIJLArFf NUI) NP~r

-1 3 -3 O.457?20818E or, 0.4572381SE 05 0.

-1 -2 0*27436630E 34 0*2?436630F 04 0.

A0 3 -3 O.17?3517?E 06 0.177351?2E 06 0.

* 303 -2 0*1343?45?E 36 0.1343?45?E 06 0.

13 -1 0.13164859F 06 0,11164859E Of* 0.

A I 0 0.1?685620E 32 0.17685620E 0? 0.

523 -1 0*35330066E 36 0*35331066E 06 0.

A2 3 0 0.22166975E 06 0.221669?Sf 06 0.

3 1 3 -3 0,39902149E 06 0,399ozl4qE 06 0.

3 3 3 -? 0,35604434E 36 0.35604434E 06 0.

3 3 3 1 0.22165208F 36 0.2ZI65?OBE 06 0.

3 3 3 2 0.17103452F:-O1 0.l'?103452E-01 0.

4 -4 3 -3 0,379nfl6l6E 35 0*37906161F 05 0.

4 -4 3 -2 -0,5070q93TE 04 -0950709937E 04 0.

4 -4 3 1 -0.13946325E 36 -0.13946325E 06 0.

4 -4 3 2 -0*36,111531E 06 -0.36111531E 06 0.

4 -3 3 -3 0,79997094F 35 0*79997094F 05 0.

4-3 3 -2 0037019939F 35 0,37019939E 05 0.

4 -3 3 1 -0.973fl31?E 35 -Qe9?3?231?E 05 0.

4 -3 3 2 -0.3190243RE 06 -0.3190243OF 06 0.

4 -~3 -1 0.38848956E 05 C1938648956E 05 0.

4 -2 3 0 -0.92?81951E 05 -0,92?g19SIE 05 0.

4 -7 3 3 -0.3 1445171E 36 -0,11445171E 06 0.

4 -1 3 -1 09169S6968F 36 0,16956966F 06 0

4 -1 3 0 0.37938771E 05 0*3?938771E 05 0.

4 -1 3 3 -0.183730?9E 06 -09183?3099E 06 0.

4 0 3 -3 0.2 1534354E 06 0,21534354E 06 G.

403-2 0.t7236639E 06 0.1?236639E 06 00

4n31 0,37974132E 35 0*37?94132E 05 0.
4 0 3 2 -0.183677Q3E 06 -0,18367794E 06 0..
4 1 3 -3 0,43397032E 36 0,43697002E 06 0.

4 1 3 -2 0.39399287F 06 0.3939928TE 06 0.

41 3 1 0.25960061E 36 0,2Sq60061E 36 0.

4 1 3 2 0*.I1948546E O5 0.3?94R546E 05 0.

42 3 -1 0.391249s2F 36 0,39124932F 16 0.

4 2 3 C 0*25961842E 06 0.25961842E 06 0.

4 7 3 3 0,37;48649F 3S 0.37948649E 05 0.

4 3 3 -1 0.?0157730F 06 0.?015??3nE 06 0.

4 3 3 0 0,56994639E 06 0,56q94639E 06 0.

4'i 4 3 3 3 0,34827663E 36 0,3482?663E 06 0.

44 3 -3 0.*147 290112E 36 ^,,14729012[ 06 0.

4 4 3 -2 0,70432n96E 16 0.?0432096F 06 0.

4 4 3 1 0.569928?OE 06 0*56992ST0E 06 . I

-. 4 4 3 2 0.34827664F 36 0,348Z7664E 06 0.

4 -2 4 -4 0.4#6663613E 3S 0,46664613F OS 0.

4 -2 4 -1 0,45726805F 34 0.45726805! 04 0.

4 -1 4 -4 0.tT?38434E 06 0.17738434E 06 0.

4-1 4 -3 0.13529340E 36 0,13529340E 06 0.
40 4 -2 0.133773?7! 36 0.13077377! 06 0.

4 0 4 -1 0*53046R33E 32 0.S3046833E 02 0.

4 1 4 -2 0.35240025E 36 0.35240025E 06 0.

41 4 -l 0.221679S2! 06 0.22167952 06 0.
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Jj W ~ A 2 QIGI ) Rn1tUR NOl CALCIJLATFI) NU iqpijr

2 4 0.1940649RE 06 0,39906394F 06 0.3
4 4 - ~ 0*3s19TlodE 06 0.J569?305F 06 n.

4 4 0 .2?16?466F 36 O2?216266!F 06 0.
44 1 0 9 1972MotoE-3o O.1197?OORE-0C) 0.
4. 4 -4 0.TOQ3qt96E 06 O.?0939196E P'6 0.

4 4. -1 0.6 V)11)2~ b 6 1b66?730 10 2E n& 0.
43 4 V 0*51195457C 06 0.53195457E 06 0.

4 3 41 0. 3 1032Zq1OE 06 0*41032810E 06f 0.
4 4 4 -7 0 .662 72 A34E 36 0,66272R34E 06 10.
4 4 4 -1 "%.5 1200 76 2E 6 0.53?C'0762F 061.1
4 4 4 7 D. 3 032 77)E 16 0.310%32?9RF O6 0.

44 C.6R606 22?E -34 0.69606227C-04 0.
-S 4 -4 0.4735621?E 3S 0.473S621?F OS 0.3

5-5 4 -4 !NS?6s?q40F 04 0,5?6S2848E 04 0.
- 4; 4 0 -0.L33001)IF )6 -0*13008117E 061 0.

5-5 4 -0 .3 StTO764E 06 -O.345170)764C 36 0.
S-cl 4 4 -0.66203S74E 06 -0.66203574FT 06 1.

-4 4 -4 0.'-4359436E I F 0*8835Q336F 15 1).
-4 4 -3 Ž.4626840'E 3S 0.46260434E mS 0.
-4 4 n -0.890W846r OS -0189073046F 05
-4 4 1 -0* 1010 745~ ?r06 -0.o310 704S2E 06 0.

S -4 4 4 -3 A 2t0376 ?E 36 -0*62103262E 06 0.
4 - -7 0,4855444Sý 05 O.4855444SE 05 n.

5 34 -1 -O.i21662?7E 35 -0.R?166277TF OS 0.
-34 7 -0.30384542E )b -0,303R4592F 06 0.

-~4 3 -0.61417lqDF 36 -0,6141?3909 06 0.
-?4 -2 0.17813917F 036 0117813977E 06 0.

S ,4 -1 ).%7?41904'4F 35 0,47419043E 15 0.
-)4 2 -0*17426)60SE )6 -0.17426060E~ 06 3.

-,4 3 - 0 485A r 6 -0.4845RR59F C16 0.
S I4 -4 0.224Q27llr 06 0.224927LIF 36 T

-14 -3 0.182ft361AF 036 0.1878361 RE 06 0.

5-1 4 0 0.T48727eZE )s (0.474R9727E ()S 3.

S -1 4 1 -'174136T5r 31% -0.1741367SF 08 0.
-1 4 -0.4i844649SE 36 -0,484464@SE 06 0.

504 -4 D.4465O2?49 06 0,44650274F 06 0.
4 -a 0.40441141E 06 0.404411RIF 06 0.

A 4 P ' D. 269 06 11kF 06 0.26906536E 06 0.
54I 0.47418992E 05 0*4743ARNZE 05 0.

ml 4 4 -0.26i'R89?IE 06 -C.26288921E 06 0.

1 4 0?f.3998M96E )h tn.39qR39611 06 0.
1 4 -0.26911188E. 06 C.7601!884E 06 0.I

Cl1 4 0.4?439242E )S 0.47419?24 05 0.
1 4 -3.26?89M?3F 06 Oh.62'8E0 0.
2 4 -2 0.71316311E 06 0.71016311E 06 0.

2 4 ('.5?944238E 06 0.57944239F 06 0

43 0*47434752F :)5 0,47434762t nS 0.
34 -4 3.?Sq6~?82r 06 0,756h?67?E 06 0.3

S4 -3 0.71473S?9F 36 0,71413579E 06 0.
Cl34 0 0.5793B914F )4 O.57938934E 06 C0.
S4 1 11.15776?R8E 06 0.35?762ftfi Oh n.
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J I rfai I J 2 rAu 2 RIGID ROTUR NU CALCULATFD NU INPur

s A 4 4 0.47434763E 35 0.47434763r 05 0.
r 4 4 -4 0,IiSS210Er 37 0.11, 5281OE 07 no
5 4 4 -3 0.11137.T30F 37 0.IIT13I01E 0? 0.
5 4 4 0 0,97838362F 06 0.97838362E 06 0.
; 4 4 1 0.?567?5ISF Oh 0.75615?15E f06 0.

4 4 4 0,44642935F 265 044642qO5E 06 0.
5 4 -7 n.11)91574F 07 O.11091574E 07 0.

93 4 -L 0.9?841667F 36 o.q7843667E 06 0.
5 4 2 0.75675?03E 36 0.75675703E 06 0.

"4 3 0.,44642905E 06 0.4464?90SE 06 0.
5- 5 -5 0.47R61840E OS 0.47861843F 05 0.

" ' -A 5 -4 O.6858?215E )4 0.685S?215E 04 0.
1, -2 5 -5 1.17744716E 36 0.17744?16E 06 0.
' -2 5 -4 0.13644404F 06 0.13644404E 06 0.
5 -1 5 -3 O.L297090SE 06 0.129?0905E 06 0.

-1 5 -2 0.1237302qE 13 0.12373029E 03 0.
Ci n F -. 0,3512846RE 36 0,3512R464E 06 0.
'" 5 -2 0.22169936E 06 0.22169936E 06 0.

1 5 -5 1.,19914700E 06 0.39914700E 0& 0.
S1 , -4 0.35814358E 36 0.35814388E 06 0.

" ., 5 -1 O.2?157611E 06 0.22157611E 06 0.
• 1 50 0,47884920E-30 0,47884920E-00 c.
S2 5 -5 0.7094700SF 06 0.709470SOE 06 0.
9 ' 5 -4 0. 6 6846738c 36 0.66846738F 06 0.

2 5 -1 0.53189961F 36 OS3189961E 06 00
S3 2 5 0 0.3133239SE 06 0,31032398E 06 0.

'335 -3 0.661605R66F 06 0.66160866E- 06 0.
35 -2 0.53202344F 06 0,53?02334E 06 0.

r I I 0.31032350E 06 0.31032350E 06 0.
F% 1 2 0.617441SfiE-33 0.61744166F-03 0.

5 4 5 -4 0.1060,6030E 30 0.10606030E 07 1.
4 -2 0.93101763E 36 0,93101763E 06 0.
4 5 1 0.70931779E 36 0.70931?79E 06 0.

S4 3 2 0.59899429F 06 0.39699429E 06 0.
5 5 -5 0.11)84646E 07 0.11064648E 07 0.

5 -4 3.10674617E 37 0.10674617E 0? 0.
) '0 5 -L 0.9;089190E 36 0.930S939CnE 06 0.

S' 5 5 0.70931S2TE 36 0.701318 ?E 06 0.
i ' 5 3 0,39899429F 36 0.39899429E 06 0.

5 5 4 3.246?7954E-36 0.248?77954-06 30.
6L 6 -- 0.67886?02E 35 0o.678"702f 05 0.

•, -6 s -4 0.|185?$SSE 0)5 O. Lslqss~le' 05 0.

6 -6 5 -1 -0.IZO7Sl29 36 -0.IO/20629f 06 0.
, -6 5 0 -0.34235752E 06 -0.34235?ZE 06 0.

-,I 5 3 -0.6S26S180E 06 -0.652681I0O 06 0.""b -s 4 -0.10516761E 37 -0.10516761F 01 0.
5 -' 5 -5 0.36515733E 35 0.96515733E 35 0.
Is 5 -4 0.55512614E 3S 0. ss12SS 1E OS

-S s -I -0.8105515SE 35 -0.SiOSS1SmlE 05 0.
6 -5 5 0 -0.30263079E 06 -0.302610?qE 06 0.
6 -5 5 3 -0.61295477E 06 -0.61295477E 06 0.

J A -5 5 4 -O.10119491E 07 -0.10119491E 0? 0.

_ I
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141 ta 7 TAU 7 QI GIl 'Ir,IR NIU CALCUL ATEDN IPi

*-4 -3 O.S85I55W6 OS 0.5,32SS336E OS 0.
-4 s -2 -0.713299b1: 3S -,)*I I329963E Os 13.

A-4 S I -0.Z'10296?E 36 -0.2930296?E 06 0.
6-4 s -').S03 353111 36 -3.6C13S 133E 0Oh o
A-40 -O.111234?hc 3? -1.10023476E 07 0. ,

-~ 33 .186481~qc )& 0918601169E 06 0.
6-3 - 0.%6896365F 3S 0.56890036SE os 0.
A-3 s -0.1644034RE 36 -0.16483348F 06 0.

r,1 -0).4 ?f,1269 RE 36 -0.4751?69MF 36 no
6 t -0.97*121ZP 06 -0. 87412 12 ?E 06 0.I
A ,5 - : 3.2 445Qlt3F 36 C.2)45Qfl83f 3h 0.

S, -4 0.lQ158771E 36 0.193%A7TIE 06 0.
A ?s -1 OOS7019918ý Is 0 e5?a1:19 3 FE as 0.

S ? 0 -0.16455570F 36 -0.164SSS70E 06 0,
ef- -3.474i?9&BF ) P6 -0 .474T871.6 AF 06 00
s , 4 -O.873R73W 06, -0 f Tq38 ?39 6( 06 0.
to -% 3.4SS07776E 16 0.456CM77RF 0& 0.

-15 -4 3 415074060 36 0.41507466F 06 1.
-1 11 O.??8506%9[ 36 0.27851689F 06 1).

S1 fl.69112SE 3'S 0.569317?5E Oct 0.
A 1 3 -0ZS339217? 06 -0.25319?27E 06 0)
A S-I.SS23R?0lE 36 -0.65238701E 06 3.I

A5 - I ~ .",I' 1?73 9E 3)6 0.40R2173RE 06 0.
1; -2 13.21143205F )b 0.21863Z0SE 06 0.

oN 5 I 0.56932714E OS 0.56932214E 0S 0.
A062 -O.?53391?9E 36 -0.25139129E 06 0.I

S'. -O.S521ASSRE 36 -0.6521385SSE 06 0.
S.I -1 0*7145129?c )6 0.71353297E 16 0.

1s -7 I.S0904764r 36 0*58ft94?64r 06 0 .
A5 1 'N-16 4 750 F06 0.3 024 740F 0h 0.

Is 7 0'.S' 4243)4E )S 0*56924304E nl V 01.
15 1 -0 3?P99 6 -0.)4706999S 06 0.
?S -5 1.76639%41c '16 i'7663Q481E 06 0.

h ? -4 ri. 775 3QI1,* 4E I .72539161)E 36- 0.I
? ) S $11 0.51423 1L 36 0.~5RAZ1q1E 36 2.

1 .36124R'lf 34 3.3672?4~?q 06h no
? '1 0.S6919033E at 3,%6 2.Q4 306F OS

A7 s 4 -0. 3 4106Q9RF :) -0.34?C6QQF 16 0.

3 5-' .11438S'37 0.11243$?8E ý7 0
%A-1 0.44YR1%32E 16 n.9nmft152ý 06 0.

I A 0 C.76S24Q949 is 076?q? 06I
1 0.455 q I "t 3% 5 .4%5SOIS 4 1 06 0

6 30AeQ7e.1 31 3.IAQ?11PIE 0s 0
A ~-1 01I%4F37 0.111IS241E 07 0

5-2 l.9 8? 9)A75 I 3%) 0.9079I3SE 01% 0.I
1. '76623491F 3h l.Th6?)49If lob n.

0 ss 9 0451541 E 3S 0.4SS91%41E 06 0.

n 0 -I f. A t#1N4f 37 0,160%1444F n? 0.
0 5- .14?5%i991t 37 0.1415%aqtf 07 0.

9, M4 I .?3 ?E 37 OVl?53992f ý ~7 ~
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.~i I T, I J rAU R tIrt RlTJAi NU CALCULAFEn ,

7 0.443'I7%?4E 06 O.94357?Sf 06 0.65 )* 3 5445814SE 36 O.S44SS145E 06 0.5 -5 3.I653046?r 37 O.165)0462E 07 0.3,5- .16120411E 17 0.k61?21431E 0? 0.4 - 0 14? 14 54r ?7 0.141S4TS4E 07 oS3.12S349;?7( 37 0.1251sq9?E 07? 346533.9435757'.r 
06 0 .O41575y4f 06 .

- 3.5'45SR14SE )6 O.S44SR145F 16 0.-4 6 -6 1.4932447SE 3S 0.493214475 0% 13.4 -4 6 -5 0.96014441E 34 O.'60t4441E 04 0.-36 -6 0.17?55482E 36 o.1?77554nE 06 0.4-3 6 -5 1.t3782??9F 36 O.147?%779e 06 0.6-2 6-4 0.128473SSE 36 0.1284736SE 34 0.-?A-3 0.2 4?3031 Y- 33 0.-2?4731)31 3f 03 0.-1 A ~~-' 3.34996061E 36 O.4901 36.-t 63 -) '9217 4 6 221 0. ? 34Z,6F 06 0.
6 - .3)942952F 36 0 -19929052F .06  0.6 -5 a.159561k8F 36 003S95634RE 06 0.& -7 0.2214AR3q( 36& OoZZ149839F 06 0.

46 -1 0.14363863F 31 0. 1 St363 60,3F 01 0.6-6 0,70960610F 36 00?09606:0E 06 0.6-5 0.S6987437E 36 0.66981907E 36 0.6-2 O.S 3160~3Eb~ 36 O.5319O39SE 04 0.
6-1 0.31031,702f 36 O.O3o? 6 06 -' O.'6 4 32?763F 36 0.31031702F 06 0.

46 -3 0.53205IzeE 36 0.5320512SE 0h 0.6 & 0 0.313315S9E. ob 0.31031SS9f 06 0.62 0 1 .30S70ognZE-32 0.30570902F-02 0.636 -4 1.10592687E 37y 0010592687f 07 2.6 -3 0. 9 it (W lQ 3 f. 0.93104239F 06 0s 0 O.?n900qOu% j6 O.7 09306?OIF 96 0.A16 1 0.3tf@9q1jjE 36 0.39899111E 06 0. 
I4 t -6 0.lI0459?2E 37 0.11C ,1977E 07 0.646 -S 3.106tiS707 37 0.10688702t 01 0.44 6-2 0.930?9509F 36 0. 930795.09u 16 0.4 -1 0.70930,113E 36 J. 7 0930813f 06 0.6 ? 7 ý 194991qIfI 36 1.39aq9IIIE 16 0.A6 3 03.?736S5OE-35, 0. 27 30,5 ?S3iE- 0 0.s -6 0.15962575F 37 0.15967575t 07? 0

I - I SS6 ).1 S&5 05 37 O .1 sf5 565) o lF 0 0.- L5-2 '3.141 445SO: 07 0.1418455sf 07 0.I,6 -I .1196968mi 3? 0.1I96968SE 07 04 67985 6 E65144F 36 0
0-96S4f06 0.6 0 .44766011E 36 3 '87b6033)'36 66 -4 C,%6?9F3 .1%469291f 07 0.6 -' .1.418?02 7E 37 O.1418?LCZYE 37 0.

4 9. A ,A11 )#A'6?D0f 7 0.11969670E 07 0A ,I 0.36645144C 36 3.S5666[A44f 06 0.64 3.44R7660))f 1& 0.49746033F 36 0.A 65 .S 1 ' 0 ? 5 ~ ) q0 .11 14 9 0 7?z st -!0 9 0 .
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Ii

FORMALDEHYDE RIGID ROTOR TRANSITION FREQUENCIES

Input Coefficients

A a 0.2421060OF 06 = 2.31
-= '1.3934000E 05 a

= 0.34004000F 05 K = 0.96106 ]II
U I T&U 1 J 2 TAU ? RIGID ROTOR Nil CALCULATED Nil INPUT

1 -I -0 0 0,72838000E 05 0.72839000E 05 0. ir
1 1 1 c O.48?QgQ9gE D4 0o48299999F 04 0.

2 -2 1 -1 0.14560479E 06 O.14560479E 06 0.
-I 1 0 0.14C84630F 06 0.1409460OF 06 0.

3 1 1 0.15050600F 06 0.15050600E 06 0.
2 1 -1 0.11284952E 37 O.ML284952H 07 0.

2 0 2 -1 0.14490000F 35 0.14493000E 05 0.
2 1 2 -2 0.99281qOE 06 0.98201920E 06 O.
2 2 2 L 0.712101•.E 02 0.71210145E 02 0.
3 -3 2 -2 0.21822926F 36 0.21822926E 06 0.
3 -3 2 2 -0.76466115E )6 -0.76466115E 06 0.
S-2 2 -1 0.21122483E 06 0.21122483E 06 0.
3 -1 2 0 0.22571417E 36 O.?257141TE 06 0.
3 ,) 2 1 0.21851400E 36 ,21R51400E 06 0. I
"3 1 2 -2 0.12016892E 37 0.12016892E 07 0.
3 1 2 2 0,21879874F 06 0.21879874E 06 0.
3 2 2 -1 0.219I2992E 37 0.21912992E 07 O.
S2 0 0.2176809RE 37 O.?1768098E 07 0.

3 -1 3 -2 0.289793f.4E 25 0,28979344E 05 0.

3 3 -3 0.98310395E 06 0.98310395E 06 0.

3 1 3 0 0.35594760E 33 0,35594760F 0' o.
A 2 3 -1 0.19511950E 07 O.Iq510oq5E O0 0.
S3 " -2 0.198007ý0E 07 0.198007r F 07 0.
S3 3 2 0.6562565RF 00 0.65625658E 00 3.

4 -4 3 -3 0.29064085E 06 0.29064085E 06 0.
4 -4 3 1 -0.69281934E 36 -0,69281904E 06 0.
4 -3 3 -2 0.28155156F 26 0.28155156E 06 0.
4 -3 1 7 -0.16985228E 37 -0.16985228E 37 0.

4 -2 3 -1 0.30086762E 36 0,30086762F 36 0.
4 -? 3 3 -0.L6502?ROE 07 -0.16502280E 07 0. I
4 -1 3 1. 0.29129662E 36 O,29129662E 06 0.

4 0 3 -3 0.12754677F 07 0.12754677E 07 0.
4 0 3 1 0.29200779E 36 0,29203779E 06 0.
S1 3 -2 0.22715668F 37 0.22715668F 07 0.
4 1 3 2 0.2q14924RE 06 0,29149248E 06 0.

3 -1 0.22425q2IE 37 0.2?425921E 07 0. I
I
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I TAU 1 J 2 TAU p •ICGIf r3 TrfR NU CALCULATED) NU INPUT

4 3 , 0.29149642E 06 0.79149642F 06 0.

4 3 3 0 0 .32396514E 37 0.32396514F 07 0.

4 4 3 -3 3.42227553E 07 0.42227553F 07 0.

4 4 3 1 0.32392954E 37 0.32392954F 07 no

4 -2 4 -3 0.48295406E 05 0.482qS406E OS 0.

4 -1 4 -4 0 .98375q73F 36 3.98375973E 06 0.

4 0 4 -1 0.10671109E 34 0.1067lIQE 04 0.

4 1 4 -2 o.1q41719QE 37 0.19417199E 07 0.

4 ? 4 -3 0.19900199E 07 O,19900199E 07 0.

4 2 4 1 0.'5932412E 31 0.45932412E 01 0.

4 3 4 -4 0.39321145E 07 0..39321145F 07 0.

4 3 4 0 0.29472877E 07 0.29a72877E 07 0.

4 4 4 -1 0.294R3547E 37 0.29483547E 07 0.

4 4 4 3 0.5017400TE-0? 0.50174007E02 0.

5 -5 4 -4 0.36277047E 06 0.36277047E 06 0.

5 -5 4 0 -0.52205636E 36 -0.62205636E 06 0.

-5 4 4 -0.3569344OF 07 -0.35693440E 07 0.

-4 4 -1 O.1 5 1 9102qE 36 0 .35181029E 06 0.

5 -4 4 1 -0.163820501 37 -0.16382050E 07 0.

5 -3 4 -2 0.37594451E O 0.37594651E 06 0.

5 -3 4 2 -0,15657779E 07 -0.15657779E 07 0.

5 -2 4 -1 0.36403178E 36 0.3640311BE 06 0.

5 -2 4 3 -0.25843•30E 37 -0.25843230E 07 0.

5 -l 4 -4 0.1.3502781E 0? 0.13502781F 07 0.

5 -1 4 0 0.36545t27F 36 0.36545127E 06 0.

5 -1 4 4 -0.25818364E 37 -0.25818364E 07 0.

5 0 4 -1 0.23544432F 37 0*2i544432E 07 0O

5 0 4 L 0.36442796F 36 0.36442796F 06 0.

S 1 4 -2 0.23361662F 37 0.23061662E 07 0.

9 1 4 2 0.36444174E 36 0.36444174E 06 0.

5 2 4 -1 0.33127030E 37 0.33127330E 07 0.

s 2 4 3 0.36434R25E 36 0,36434825E 06 0.

5 3 4 -4 n.42964627E 37 "'.,?Q46627E 07 0.

S 3 4 0 O.3 3116359E D7 C,331!6,:9O 07 0.

5 3 4 4 3.36434929E 36 0.36434829E 06 0.

5 4 4 -3 0.62850793E 37 0.62850793F 07 0.

5 4 4 1 0.42950641E Di 0.42950641E 07 0.

5 5 4 -2 0.62367839E 31 0.62367839E 07 0.

5 5 4 2 0,42950594E 37 0.42950594F 07 0.

5 -3 5 -4 0.72431631E 35 0.72431631E 05 0.

5 -2 5 -5 0.98502103E 36 0.98502103E 06 0.

I 5 -1 5 -2 0,2486603T7E 34 0.24866037E 04 0.

5 0 5 -3 0.19302013E 37 0.19302013E 07 0.

5 1 5 -4 0.20026513E 37 0.20026513E 07 0.

S 1 5 0 0.1836862HE 32 O.i836862BE 02 0.

5 2 5 -5 0.39336q22E 37 0,39336922E 07 0.

5 5 -L 0.29461•46E 37 0.2q461846F 07 0.

5 3 5 -2 0.29486713E 37 0.294867L3E 07 0.

5 3 5 2 0.451 52971E-31 0.4515t971E-O 0.

5 4 5 -3 0.58608374E 07 0,58608374E 07 0,

5 4 5 1 0.39306177E 07 0.39306177E 07 0.
. 5 5 5 -4 0.59332691E 07 0.59332691E 07 09

I
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J I TAl J 7 rAI RIGIr ROTOP NU CALCULArEr) NU INPUr -"

5 5 0 0.3 9 306361F 37 0. 3 9 306361E 07 0. --45 5 3 .34 7S8262E-ý4 O.34678262E-04 3.
-5 "5 043455262F )6 0:43455262F 06

h-6 5 -1 -O,55zgS550CF 06 -0.55295500E 06 0.
6 -6 5 3 -0.34991397F 37 -0. 3 4991 497F 07 0 ".
6 -5 5 -4 0.42198652E 06 0. 4 2 191652E 06 0.6 -- 5 0 "3. 1 5806464E 37 -0-1 5 806464E 17 0.6 -5 5 4 -0,551128.5F 07 -0, 5 5 11.825E 07 0.6 -4 5 -1 0.40539790E 36 0. 4 5 09298'3E 06 0.6 -4 5 1 -0.14792499E 37 -O.14792499E 07 0.6 -4 -0 lO.5409qO76E 37 -0. 5 4 099076E 07 0.6 -3 5 -2 0.43670765E 36 0. 4 3670765E 36 0.6 -3 5 ?. -0.?5119636. 37 -6,-F119636E 07 0.-2 5 -5 0.14.66905F 37 0.142669,5F 07 0.I -2 5 -1 0.43918286E 36 0.43918286E 06 0.6 -2 . 3 -0.25070018E 37 -0.25070018iE 07 0.6 -1 5 -4 0.24400344E 37 0)244003.4p 37 0.6 -1 5 0 0.43740150E 36 0.43740150E 06 0.6 -1 5 4 -0. 3 4932346E 37 -0. 3 4932346E 17 0.6 0 5 -1 0.23676579E 37 0. 2 3 676579E 07 0.6 0 5 1 ,.374382IF 36 0 . 4 3 743421F 06 0.6 0 5 5 -0.34931795E 37 -0. 3 493179SE 07 0.6 1 5 -2 3.33859413E 37 0. 3 3859413E 07 0.6 1 5 5 0. 4 3 727037E 36 0. 4 3727007E 06 0.6 2 5 -5 3 .3709626F 37 0. 4 3 7 09626E 07 0,6 2 5 -1 f,.33R34549E 37 0.33834549E 07 O6 2 5 3 0.43727025E 3)6 0. 4 3 727025E 06 0.6 3 5 -4 0.63704751E 07 0. 6 3 704751E 07 O.S3 5 4 3.43•67•41E 07 0. 4 36784?.E 07 0.3 5 4 0.43720606F 36 0. 4 3720606E 06 0.6 4 5 -3 O.529RO435E 37 0.629431435E 07 0.6 4 5 1 0.43678•_pE 37 0.4167R?38F 07 0.6 5 S 5 O.43720606F 36 0.4 3 720606E 06 0.6 5 5-2 0.2993039E 37 0.92993039E O 0.2 5 5 2 3.53506327F 37 O. 5 350 63T 07 '. 7S6 5 - 0.92843264r o7 0.9284324E 07 0.6 0- .82968173F 07 O.6?969173F 07 0

-4 6 55 3 (.53506326E 37 0.53506326E 07 0.6 -0 6 -5 O.10137441E 36 0.10137491E 06 0.
6 -3 6 -6 0o98717605F 36 og~,OE0 .i6 -2 6 - 63. R i7 o F 3 0 .9 8 7t7605E 06 0.6 -1 6 -4 0.49SI8113E 34 0.496I1413E 04 0.
6 0 6 -5 3.19166730E 37 O-1 9 166730E 07 0.6 0 6 -5 O.20181030E 17 O.20181030E 37 0.6 0 6 -1 O.S5 383393F 32 05 5 083393E 02 0.6 1 6 -6 0.39164097F 37 0.34364097E 07 0.6 1 6 -2 0.2944771AF 37 3.29442719F 07 0.2 6 -3 0.29492339E 37 0.29492339E 07 ,.3 ? 6 1 O.225 73144E-OG 0 . 2 2 5 7 3344E-00 0.63 6 -4 O,58•7I137E 37 0. 5 8471137F 07 0.6 3 6 0 0.39303856E J7 0, 3 9 303856E 07 0.6 4 6 -5 O,59484886E 37 0. 5 9 484886E 07 O,0 4 6 -1 O.39304407E 37 0. 3 9 304407E 07 0.

58

SI



II

JI TAUl 1 .12 FALJ ? Rt CI ([ RITMR NUl LAI Cii t t)E Nu INPUTr

64 6 3 0.31438r06F-33 0.3BL43906E-03 0.
6 5 b -6 0.9R4q7722E 37 0.849772?E 07 0.

6 5 6 -2 0.7R576344F 07 0,78576344E 07 0.
6 5 6 2 0.49133624F 37 0.49133624F 07 0.

6 6 6 -3 0.,1b25952F )7 0.7862596?E 07 0.
6 6 6 1 0.491O36?6E 07 0.49133626E 07 0.
6 6 6 5 1.?2444974F-36 0.22444874F-06 0.
7 -7 6 -6 0.5059?813E D6 0.50597813E 06 0.
7 -7 6 -? -0.48620973E 06 -0.48620973E 06 0.
7 -7 6 2 -3.34304SIBE )7 -0.34304818E 07 0.
7 -7 6 6 -0.83438442E 37 -0.83438442E 07 0.
7 -6 6 -5 0.4q2o6706E )6 O,49206706F 06 0.
7 -6 6 -! -0.15259i9qE 07 -0.15259q09F Ot 0.
7 -6 6 3 -0.54564216E 07 -0.54564216E 07 0.
7 -5 6 -4 0.52579452E 06 0,52579452E 06 0.
7 -5 6 0 -0.13909336E 07 -0.13909336E 07 0.
7 -5 6 4 -0.53213191E 37 -0.53213191E 07 3.
7 -4 6 -3 0.50931234E 36 0.50931234E 06 0.
7 -4 6 1 -0.24399213E 37 -3,24399213E 07 0.
7 -4 6 5 -3.73532839E 37 -0.73532839E 07 0.
7 -3 6 -6 O.15353R75E 07 0.15053875E 07 0.
7 -3 6 -2 0.51324961E 36 0.5132496IE 06 0.
7 -3 6 2 -0.24310225E 37 -3.24310225E 07 0.
7 -3 6 6 -0.734438#9E 37 -0,73443849E 07 0.
7 -2 6 -5 0.25284652E 07 0.25284652E 07 0.
7 -2 6 -1 0.51141722E )6 0.51041722E 06 0.
7 -2 6 3 -0.34200234E 37 -0.34200?34E 07 0.
7 -1 6 -4 0.24272218E 07 0.24272278E 07 0.
7 -1 6 0 0,51049976E 36 0.51049976E 06 0.
7 -I 6 4 -0.34198858E 07 -0.34198858E 07 O0
7 n 6 -3 0,14594539E 37 0,34594539E 07 0.
7 0 6 1 0.51022023E 36 0.51022023E 06 C.
7 f) 6 5 -0.4.4031424E 07 -0.44031424E 07 0O
7 1 6 -6 3.44466307E It 0.44466107F 07 o0
7 1 6 -2 0.34544929E 07 0.34544929E 07 3.
7 1 6 2 0.51022083E 36 0.51022083E 06 0.
7 1 6 6 -0.44)31416E 37 -0.44031416E 07 0.
7 2 6 -5 0.64586073E 37 0.645@6073E 07 0.
7 2 6 -1 3°(.44.05594E 37 0,44405594E 07 0.
7 2 6 3 0•51311877E 06 0.S1011R72E 06 0.
7 3 6 -4 0.63572324E 37 0.63572324, CT 0.
7 3 6 0 0.44405043E 37 0,44405043E 07 0o

* 7 3 6 4 0.51011872F 06 0.51011872E 06 0.
7 4 6 -3 0.g3726617E 37 0.83726617E 07 0.
7 4 6 1 0.5423428OF 07 0.54234280F 07 o0
7 4 6 5 0.51006540E 06 0.51006540E 06 0.
7 5 6 -6 0.93598317E 0)7 O93598377E 07 0.
7 5 6 -? 0°8367699qE 37 0,83616999E 07 0.
7 5 6 2 0.54234277E 07 0.54?34277E 07 0.
7 5 6 6 0,5L006540E 36 0.51006540E 06 0.
7 6 6 -5 3,1235468RE 38 0,12354688E 08 D.
7 6 6 -i 0.10336640E 38 0.10336640E 06 0.
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I

r&U 1 J 2 rAU ? RC,Ifl R,)TUr NU CALCLJLAiFL) NU INPUT"

7 6 6 3 0.6406l942E V7 0.64061912E 07 0.

7 7 6 -4 0.1?293M13E 18 0.12253313F 08 0. I
"7 7 6 C 0.10336585F 08 0.10?36585F 08 0.

7 7 6 4 0,64061992E 71 0.64061997E 37 0.

-9 r -6 0.L351023O F 06 0.13510231F 06 0.
7 -4 7 -7 O.1:9156027F 36 0,990S5O27F 06 0.

7 -4 7 -4 0.94190751E )4 0.88990751E 04 0.
7 -2 7 -5 O.19312957f 37 O.19012957E 07 0.

7 -t 7 -6 0.20365357F 37 0.20365357F 07 0.7 -7 -2 0.13761911E 33 0.1376191IE 03 O.*

7 0 7 -7 0.3940701 E )7 0.3940701RE 07 0. U
7 0 7 -• 0.294124?5F 37 0o29412425E 07 J.

7 1 7 -4 0.29501424F 37 0.9501424E 07 0.

7 1 7 0 0.82750633E 30 0=82750633E 00 0. -

7 2 7 -5 0.58314379E 07 0.5831437qE 07 0.

7 ? 7 -I 0o39300045F 37 0.39300045E 07 0.

7 3 7 -6 n.5q665402E 37 0.59665402F 07 0.

7 3 7 -2 0.3Q3014??F 37 0.39301422F 07 0. U
1 7 ? 0.22893965r-02 0,22883965E-02 0.

7 4 7 -7 0.99539096F 37 0.88539)96E 07 0.

f 4 7 -3 O.TR544502E 07 0.78544502E 07 0.

T4 7 1 01.#9132069E 37 0.49132069E 07 0.

7 7 7 -4 3.78633493E 07 0.78633493C 07 1.

7 5 7 0 0.49132017E 07 0.49132077E 07 0.

7 5 7 4 Oo292435'qF-)5 0.,9243529E-05 0.

7 6 7 -5 0.1 1'2751BE 08 0.11727518E 08 0.
7 6 7 -I 09826095OF 07 0°98260850E 07 Co

7 6 7 3 0.59960804F 37 0.58960R04F 07 0.

1 7 7 -6 0.118626?IE 28 0.1186Z62tE 08 0.

7 T 7 2 0.5896080FE 37 0,5R960805E 07 0. 1
7 7 7 6 0.19626451E-08 0.1862645IF-OR 0.

9 - 7 -7 O.57584827E J6 0.57684827E 06 0.

S-8 7 -3 -0.0226117E 36 -0.42261107F 06 0.

? 11 -0.33538544E 07 -0.33638544E 07 0.

-3 -8 7 6 -0.82?70613E 07 -0.8?770613F 07 0.
--7 7 -6 0.5620408PE 06 0.56204080E 06 0. 3

8 -77 -2 -0.14743573E 07 -0.14743573E 07 0.

A -7 7 2 -0.54044994F 37 -0,54044994F 37 0.

S-7 7 6 -0.11300580E 08 -0.11300580E 08 0.

S -0% 7 -5, 0.50051595F 36 0.60051595[ 06 0.
S-6 7 -1 -,0.13009174E 27 -0.13009174F 17 0.

8 -6 7 1 -0.52309219E 27 -0*52309219E 07 0.
8 -0 7 7 -O.IIL27002F 08 -0.11127302F 08 0.
A -5 7 -4 0.58183428k 36 0.58183428F 06 0.

8 -5 7 0 -0,21683072F 07 -0.236830'42F 07 0.3

4 -5 7 4 -0.72815151F 07 -0.72815151F 07 0.

8 -4 7 -7 0.15871477F 07 0.15871477E 07 0.

8 -4 7 -3 0.SR768836E 36 0.58768836E 06 0.

8 -4 7 1 -0.2353554qE 07 -0,23535549E 07 0. m
8 -4 7 5 -0,72567619E 37 -0.72667619r 17 0.

R -3 7 -6 0.26198755F 07 0.2619A755F 07 0.

I-
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I 
iAU 

I J 2 tAUI 2 RIGID RJTR NU CALCULATFO NU iNpur

8-3 7 -'2 O.58147745F 06 0.58347745E 06 0.

F1 -3 7 2 -0.334666(tE 37 -0. 3346664 IF O7 0.

9 -3 7 6 -0.9?477451F 07 -0.92427451E 07 0.

8 -2 7 -5 0*24850756E 07 0.24R50756F 07 0.

A-7 7 -1 0.58364230F 06 0.58364230E 06 0.

A-? 7 3 -0 .3 346362 2E 37 -0,33463622F 07 0.

A-2 7 7 -0,92424427E 37 -0.92424427E 07 0.

-. -1 7 -4 0,35333449F 37 0.35333449E 07 0.

q -1 7 0 0.58320338E D6 0.5A320338E 06 0.

- -1 7 4 -0.43300044E 07 -0*43300044E 07 0.

9 0 7 -7 0.45239077E 07 0.4523q077F 07 0.

9 0 7 -3 0,35244483E 07 0,35244483E 07 0.

3 0 7 1 0.58320504F 36 0.58320S04E 06 0.

A0 7 5 -0943300019F 37 -0.43300019F 07 0.

8 1 7 -6 0.65495924.E 37 0.65495924E 07 0.

9 1 7 -2 0.43131943E 07 0*45131943E 07 0.

A1 7 2 0.583nS218E 36 0.58305218E 06 0.

1 7 6 -0.53130293F 07 -0.53130283E 07 0.

A7 7 -5 3*6414,4931E 37 0,64144901E 37 0.

8 2 7 -1 0.4t5130567F 37 0*4513(0567E 07 0.

8 27 3 0.S8305219E 36 0.58305219F 06 0.

? 7 7 -0.53i30282F 07 -0.531312R2E 07 0.

A3 7 -4 0,844632L9F 37 0.84463219E 07 0).

A3 7 0 0.54961804E 37 o.54961804F 07 0.

8 3 7 4 0.58297259E 36 0*58297259E 06 0.

8 4 7 -7 0.94368821E 07 0,94368821F 07 0.

8 4 7 -3 0*84374229E 27 0*843742?9E 07 0.

* A 4 7 1 0.54961796E D7 Oo54961796E 07 0.

A 4 7 5 D.5A297259E 06 0*5829725qE 06 00

9 5 7 -6 0.12445546E 38 0*1244554&E 08 0.

A 5 7 -2 0.1040914SE 28 0.1040914SE 08 0.

R 5 7 2 0.64790061E )7 0.b479006lE 07 0.

A 5 7 6 0.58292556E 06 0.58292556E 06 0.

9 6 7 -5 0.12310444E 08 0*12310444E 08 0.

9 6 7 -1 0.10409011F 28 0.10409111E 08 0.

8 6 7 3 0*64790061E 37 0.64793061E 37 0.

a 7 7 -4 0.15325113E 3A 0.15325l13E 08 o

A 7 7 0 0*12374972E 08 0.12374972E 08 0.

a 7 7 4 0*74617640E 07 0*7461764OF 07 0.

9 8 7 -7 0.16315674E 38 0*16315674E 08 1.

-, 8 8 7 -3 0*15316?14E 38 0.15316714E 08 0.

9 8 7 1 0.12374971E 08 0.L2374971F 08 0.

8 8 7 s 0.74617640E 37 0.746176f#0E 07 0.

8 -is 8 -7 0.17357752E 06 0.1735775?E 06 0.

*8 -5 a -A 0.99554629F 36 0.99554629E 06 0.

A -4 8 -5 0.14753154E 05 0.147S3t54E 05 0.I A -3 8 -6 0.18842572E 07 0*18841 572E 07 0.

A -2 a -7 0920581372E 07 0.20SR1372E 07 0.

A -2 8 -3 0.30246813E D3 0.30246813E 03 0.

8 _t 8 -8 0.39470569E 37 0.39470569E 07 0.

8 -1 8 -4 0,29367575F 07 0.29367575E 07 0.
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t Al) 1 2 Tau ? P110 QJT'JR NU CALCULAriD NO INPW

0 a 0,295l5l3lF 01 0.29515131E 07 0.
n 8 -1 0.24816q9?f 01 0.24816997F 01 0.

A18 -6 0,59139741F 07 0.5Ht39741E 07 0.
a8 -2 0.39294144F 07 0*392'94144E 07 0.
A8 -7 1.59875516EF 07 0*59875516F 07 0.

8 -1 0.392q7169F 31 O.39?q7169E 07 0.
3 2 9 1 0.-79148965F-32 U.^9144965E-07 0.
4 1 q -9 0,88600339F 07 0,89600319F 07 0.

3 8 4 3,78497145F 07 0.79497345E 07 0.
8 8 0 0,49129745F 07 0.49129745F 07 0.

9 4 8 -5 0.78644976E 07 0,78644076F 07 0.
8 4 A -1 O.4ql29770E 07 0,49129770E 01 0.
4 4 8 3 0.20471402E-34 0.2047140?F-04 0.
9 5 A -6 0.1170992RE IR 0.11709q28E 043 0.
A s A -2 0.98253682F 07 0,98253682F 01 0.

A5 8 2 0.58q59538E 37 0.58959538E 07 0.
86 a -7 0.118R3515E OR 0.11R8350SE 09 0.

h R -3 0.98256707E 07 0.98256701F 07 0.
9 6 a I 0.58959539F 07 0,58959519E 07 0.
8 6 8 5 0.20489097E-37 0.204R909TE-07 0.
9 7 A -8 O.15738825E 08 0,15738825F 08 0.
R 7 8 -4 0.14728526E 08 0.147?8526E 08 3.
6 7 8 0 0.10791766F 0R 0,11791766F OR 0.
4 7 A 4 0.68787914F 07 0.b8l'47914E 07 0).

4 A -5 0.14743279F 08 0,14743279F 08 0.
88 8 -1 O.11791768E OR 0.11791768E 08 0.
A8 a 3 O.68787914E 07 0.68747914F 07 0.

A a 7 0. -0. 0.

624
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1 BENZONITRILE RIGID ROTOR TRANSITION FREQUENCIES

Input Coefficients3
A 0.56553500E 04 U 4.14
8 = 0.15458903E 04
r = m. I2I•4301E 04

. 1 r" . I J 2 rAU 2 RI;ID R'VrOR Nil LALCULArEO Nu iwPur

1 -1 -0 0 0.21613130E 34 0.2761o3101E 04 0.
1 1 1 0 0.33245330E )3 0.33Z45300E 03 0.
1 -1 1 -1 0.55032506E 34 0.550325061 04 0.

-1 1 0 0.51901730E 34 0,5190.1700E 34 0.
I0 I 0.58550701!= 34 0.58550701E 04 0.

2 1 -I 0.22540759E 35 0.22640,761E 35 0.
0 2 -1 o.09735r3.F 33 0.997.3500?E 03 0.
1 2 -2 0.1711914qF: 3; 0.1711&P149E Or 0.

,t, 2 2 2 1 0,19369443E 32 O.lq969443E 02 0.
-' 2 -? 0.820688IE 34 0.8206.8861 E 34 0.
-3 2 2 -0.gq306326F 34 -0o89306126E 04 0.

3 - 2 -I 0).,77734828E 14 0.7771482B• 04 3.
-1 2 0 0.87701761E 34 0O87Q .1261E 04 0.

"" 0 2 1 0.9,ý3 '.::. J-# 0.8283.9301E 04 0.
1 1 2 -2. 0.,54qR493E 35 0-11491,,493E 05 0.

"1 2 ? 0.83509730E 34 0.8360A73QE 04 0.1? ? -1 0.42991937C- 05 0.4299L931E 05 0.
3 1 2 0 0.1995?93E 35 0.419qS.293E 05 0.
3 -I " -2 0.1C939Q33E 34 0.1993,9933E 04 0.
I 3 -3 0.171Q5193E 35 0.1719S,193E 05 0.
"" 1 3 0 0.96413215E 32 0.96.413285E 02 0.

2 3 -1 0.33224450-E 35 0,33224.461E 015 0.
"3 " 3 -? 0.35219ISlE 15 0.3125q?11E 35 3.

A " 3 2 0.,067706?E 30 0.706,7767E 30 0.
4 -4 3 -3 D.108553R6. 35 0.108553861W OS 0.
4 -4 1 1 -3.5436214RE 1)4 -0.643Q 199E 04 0.
4 -3 3 -2 0.10343635E 35 0.10143,,35E 05 0.
4 -3 3 2 -0.24174819F 35 -0.2487491QF 05 0.
4 -2 3 -1 0,11569?34F 35 3.l16b9234E 35 1.
1. -? 3 1 -0,21555o%4ý 39 -0,21555.q641 V; 0.
4 -1 3 0 0.11330152E 35 0,1103162E 35 0.

o " -3 0.28511631E 35 0.28511,601E 05 0.
4 , 3 1 0.11219Q94E )5 0.11219994E 05 0.

4, 1 3 -7 0.461,On399E 35 0.46300199E 05 0.4 3 ? 0:11381945E 35 O,1I081t,94E 05 O.
S3 - 3.4#3134 4E 35 0.44311,344F 35 0.

S I
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FAMJ 7~ Of IGI!) w1T'1N NJ C AL C oL 4r El) NJ IfPJ

1 0.1 11M6170SF 35 O.110A6,176F 059 0.
3 0.673'56657F 05 ,67 356,,5IF 05 0.
0'7 ', -1' -. F 0.795549 !F 00.0,'.

4 0 .2.52 e60 r 2SS 5 ).62260.265F 05 0.
-'4 - I 0.I33L56?tOF )4 fl.3119.56?OF f) 4 .1

I.4 -4 0. 1743069 F )3 S.~4 , 3 0. 136-91C9 i
"4 -1 4 -1 0.17269?Q1F 31 3.,136,?631F 31 0.

4, I 4 -2 O,3?637202E 35 0.A2637,202C 05 0.
4 4 4 - 0.35:)61702F 35 0.35q61.702F 15 0.
4, ? 4 1 0.4919.0132F It 0.,.9340132F: 01 0.
1. 1 4 -4 ,.6146964S4F )5 0.6g696,64F 05 0.

. 4 e% 0.51904015F 35 l.5l041251E Os 0.

4 4 4 -1 0 .',J13 2651 _c 35 0.51376,51SF. 05 0.
4 4 4 3 0.213187240E-21 0.Z,13817240E-01 0.

',-9 4 -4, 3.11437,72F_ 3% SO0. 3 4 3 . 7 2F Or, 11.

-, -, 4 C -0.4 ? R6 423E 04 -0.4210L6423E 04 0.
-5 4 4 -0.5'?25R1l3E 3) -0.55254913E 05 0.
-14 4 -1 1.19977'.E I5 O.1?R9TTROE 05 0.
-4 1. 1 -0,21O98944F 35 -0.•10589144F 05 0.

CA - 4 -2 1.14545289Qr 35 0.1454528QF 05 0.
r 342 -0106 51F -0.19O96.R51F 05 0.

-p 4 -1 O,13763520E )5 0.13763,52DE 05 0.
S4 3 -. 3 7562975F 35 -0.37562,975F 05 0.

"4 -3 2.3178B541F 35 0.317"8.54lt 05 0.
"4 r 0.141321E )5 0.14132,327E 05 0.S-1 4• 4 -3.36907944r 35 -0.1•6907,944F 05 0. I

,•n4 -3 0.49,R22113E 05 0.49?77,773E OS• 0.
4 ' 1 1.13966009E 35 0.,1386f•00F 15 1).
"4I -2 0 .4"15 22 R1F 35 0.46522,.889F 05 C.

g? 4 -1 C.65176176lE ýS 0.65176t'P76Er 05 1,
2, 4 1 0 .13949591F )5 0.13R9,O5RIF 05 0.

- 4i• 0 1 .6499'Mz2€ 2E5 O . 64Q9V2 2F 0'; O

4- .• -3 O.llql124tr 36 0 .118 1,•l O4 4F 00 .
"4 1' •.l .IZdl 1379J: r- )s,•12171,•R_ Or) O.

"r, C, 4 -2 0.11(4Bf)'5S F 06 0 .114 800 8J E 16, C.

S,-•' -4, 0.49S70710E 34 1 .4 Q•O,ý70 1OF 04 0.
r, -? ; -3 .1 769591 7' IS• '.1769%917F: ••0

•- -2 ?.5 55 () S2S7 F 33 0 .6 5 V.r ?5 7f'3 0.•

S•e: -3 0.313579?,.t i5 *)c. 3 1Qrl 7.97 F 05 ,3 .

0 n I QS 7 R)l 5 .4 5 1 .': 7 ý . I V ,tR 51F o? 9.
., 9; '•-' .S 10847lc= D•. D.6910146471E 05 0.

0 . S' r -7 S ,0 75)• lu 5 0,5.751, 7 7503 if ; is
'• S-? ). 14 774 E 5 .5I4IZj4 E is. I

qS 7 3.Il 22•74??4E-)0 'ý. 1 724224(7-'ýO •

S1, -3 O,10j26329F -16 O.lcO0•]i9 0is O.I
' 5 1 O.S?28569PE IS O).68245,bQOE OS O

S -4. ;.10523036S 34• O.152)3O36F 06 .44

4 3I

4 -4 " ii
4i

--- :01659U0 .185.97 yS ,'



I TA J ~i rli nl RiTIQ NU CAI(JLiATr) Ffj JINPU

3 C 0.bý30¶2.5p 25 C.6ts3L5.3bqE 0"; 0.

Si' 4 g; R5s'?22IOF -33 0.o585p2278F-03 0.

4 ~~~~ ~0 -AS - .552~ 5 159%2.?OqE 05 0.

-'3 5 -1 -3.?23187638E 34 -. 3I,68 4 0

-0, .5 - 315645 6E ) S 0. 53 154.456F 0.

-)50 -ý1.214907bZE 25 9*14QJ6 2E 35 0

A 55 4 -3.gqQ796141E 3S -0.897Q6431E 05 10.

0 45 - .j17399957E 35 noi73d%952E Os 3.

-4 -0 .~O145 R 764 A 35 -0.14S87,649F 05 0.

-0 .5 28 73~21340E 35 -0.82T1? 3.340F 050.

-3c - .16480V)ISE 3 S 0.164830.9SEO 0% C.

4 ~5 2 -0o 3 4 431 6S0E 35 -0.14931.650F 05 c.

4 25 -R 9.3rS44675qE 35 Oo35446959F 05 0.

4-2 -l 3.795 E )5 oi17095j9'3E 05 0.

-2 5 1 -0.13661906E 25 -0 . 535 66196 015 0.

4 -1~ ~ -4 0*.53590634F 35 O55Cb4 5 0

-1C .t65$~F35 0.166.55ý641E 05 C.

4 -1 %, 4 -0 .5 154972 BE 35 -. 14J8 5 0

r. -1 0.ý8b12214E 35 0 .486 72m214E 35 c.

5 1 0.16694614F 15 0.1669%4bl4E 05 0.

5 9 -ý.5t5 91 '7 7E 35 -0.05 15qI477E 05 0.

I , 0.69346031E 15 QV.68046.O31E 05 0.

1 2 0.663347ýE OS 0.16643#75E 05 o.

A25 2~ 0.I35742q37E 55 0. 957 42s;O7E ) 0.

25 -10.67391937E 3S 0.67391J93TE 05 0.

2 5 3 .832? 50.166341?42 CS 0.

A.9 -4 0,12184672E h6 1.121946dE 06 0.

n f 0 .-144117?7 35 ) 0.849?1J77F ') r 0.

43 4 .1 9; %tr 3% o .16b 6 635 RE 05 0 .

0. 4 3 O6gT7156c 26 C.Ij~bQT7jb~r 36 0.

4 1; O.q4902055F TY5 I t,6 I.64F -'j 3.

4~ 3 . 16 6 j 6 1 6 4 D S 1 5 3 4 )71. 54 1 I s

A. j~ 7.149 ' r 36 0 .171U 3240 Q 0% 0

45 - .S? 78 '4.Q 36 0. 1 S2 7 R2,4 F .

; I .IC~fn?430E 36 Cr.102024A0E 08

-4 03- 0 , 6 q227-1?4r- )4 0.692ZJ924C 34 0.

Is !) 9. 1924-61 4F 3%r .1 A244614F OS0%

s -3 
. I 2 hj2 5 qQ y 175 4 .12 k 9)1373r ,04

-1~~~~ -- 11223~1 2% 03,61 1 E%

A~~~ -r ..2 i A5 .8 2C 50iE OS 3

S 45 S1 125 32 C'5 1?65F 0?1

-2 l -. W.15,' 25 29 6N,5A R I I's

.41 5) 6 0.

-1 0.8280?~35 3.6426W9 ZE 0" .. 1
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J r•j I i ? TAU • RIGIn RIrOR NU CALCUAITEr) NU INPUT

I "4 06,4ZRR576E-02 0.6QRS57hE-02 0.
ON 6 -, .15518125E 36 0.15518 w75E 06 0.

A 6 -? 3.1356q46OE 26 0.135646J0E 06 0.
6 2 0.35390554F 25 0.85390.554E 05 0.

-, 0.13695664E 36 0.136956b4F 06 0. T
i 0.351Q91514E 35 0.q53q915l4F 09 0. 0

-6 0.15 2065?E-34 0. .50Z0662F-04 0. a
7 -' 6 -6 0.IROQ75SE 35 0.18409J35E 05 0.
7 -7 6 -2 -0.084IO815E 34 -0.108445'E 04 0.
7 -7 6 ? -0.51380963E 35 -0.513800963E 05 0.
F -7 6 6 -. 136 7TT152E 36 -0.13677lS?E 06 ).
7 -• 6 -• 0.1795252SE )5 0.17952v525F 05 0.
r -& 6 -1 -1.2019387RE 3S -0.2019309TRE 05 0.
7 -6 6 3 -0.8 4 59964F 35 -0.88459,964E 05 0. all
7 - S 6 -4 0.20193206E )5 0.2019",06E 05 0.
7 -5 6 0 -0.11099056E 05 -0.11089O056E 05 0.
7 -r, 6 4 -0,79.96497E 35 -0.79Q29649?E 05 0.
7 -4 6 -3 0.lql7943CE 05 0.1917940 OE 05 0.
7 -4 o, I -0.323R5776E JS -0.32385726E 05 0.
7 -4 6 5 -3.117771?4E 36 -0.,177774?4E 06 0. -

7 -3 6 -9 0,305Q9R0OE 35 0.3959%840E 05 0.
7 6-. -2 0.2()96 29 QE 35 0.20095W89E 05 O.
7 -1 6 2 -0.3019qg59E 05 -0.30199*459E 05 r).
1 -I 6 6 -0*11559041E 16 -0.l15590NlE 06 0.
7 6 -5 ý'.57595784E 25 OT5r 9•84E 0 0.
7 -) • -1 0,19448890E 35 O,.944%80E 05 0.
7 -2 6 3 -0.4I817205E 35 -0,4881b,205E 05 0.
7 -I A -4 0.50817580E 05 0.50917080E 05 0.
7 -1 6 0 0.19535317F 35 0.19535%31TE 05 0.
7 -1 6 4 -0,4A572t24E 35 -0.48672ý24E 05 0.
7 -3 0.70::89RF_ 35 0.709H91748E 05 0.
7 0 6 1 0,19,42462F. 35 Oi942462'E 05 0.
7 6 -3.659664ilE 35 -0.65966991E 05 0.
7 1 -6 '.)9Q2T1786E 35 0.R92T17066E 05 f).
7 1 6 -2 0.69723316F 35 0.697?73016E 05 0.
7 1 6 2 3.19427168E 35 3.194271.6RE 05 0.
7 1 6 6 --0.65963396E 05 -0.65963%386E 05 0.
7 6 -5 0.12581050E 36 0.125 I1 V0E 06 0.
7 6 -I 0.87564130E 35 0.8766'eslOOE 05 0.
7 2 6 3 O.t939014E 195 O.L939%.114F 05 0.
7 6 -4 1.119qRT75E 36 3.118887,7SE 06 0.
7 6 6 0 3.97605486E 29 0.87605t86E 05 0.
1 1 6 4 1.1Q3'8046E 15 0.1939%046E 0 0.
7 4 6 -3 0.15634013E 36 0.156340.43E 06 0O
7 4 6 1 0.104775O0E 36 0.104770OGE 26 0.
7 4 6 5 U,1948348qF 05 0.19381689E 05 0.
7 ; i -6 0.17456474E 36 0.174564@74E 06 o0
7 5 6 -? 0150701*E ,6 O,1550101.4F 06 n .
"7 6 ? 0.104774341_ 26 0.10477'•.OE 06 0.
7 5 6 0.19383490F 05 0,1938•q490E 05 0. 4
7 6, 6 -5 .22S29?1'?E 16 0.22829,,17E 06 0.
7 6 6 -l C.19)145TF 06 0.190145a77E 06 0.
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J I2u l 2 rU ? IIn RIO flq NUJ CALCUL.ATE') NU INPUT

7 3 6 3 0.L2187968F 06 0.1214r19'E 06 n.
7 7 -4 3.Z?136938E :6 0.Z2136V*qE 06 n.

7 70 0.191aTinE f6 0.0Q008742F 06 O.

7 7 6 4 ).L219746mA 3 t. 0.121819bRE 06 0.

7 -c 7 -6 0.41634735E 34 0.q16 1735E 04 0.

7 -4 7 -7 O.IR94?_7RE 35 0.1899%l?? 05 0.

7 -3 7 -4 0.21168267E 34 0.2 -tf 67E 04 0.

7 -2 7 -5 0.30479285F 35 O.'Uq7•SE 05 0.

7 -l 7 -6 •.3q787R47F 35 O.3q7R47E 5
7 - 7 -, L4508P26E 33 0,14%O926bE 03 0.

T 7 -O 0.,nSO46.7E 35 0,7060'A27E 05 0.

1).(' 52r'? 15 0.496?3tS22F 0 0.

7 1 7 -4 O.J1 K3954E 15 0.518154E 05 0.

7 1 7 n.350',112E 31 0.300SI12E 01 0.

7 2 7 -5 0.9894534E 05 0.q8694k04E 05 0.

7 2 7 -1 O.s87TO131E 35 0.68070A31E 05 0.

7 3 7 -6 0.l0785o2E- 36 0.IO7TSwZE 06 1.

7 7 - 0.6A215257E 05 O.6821%5257F 05

7 3 1 2 0.38512257E-31 O.18512257E-01

* 7 4 7 -7 0.1 5S15501E 36 0.15615%1E 06 0.

* 7 7 -i 0.13497390E 36 0.13497300E 06 0.

7 4 7 1 0.85346876E 05 0.
7 5 7 -4 0.13716073E 36 0.13716W73E 06 0.

7 5 7 0 0.85350380E 35 0.85350v360E 0 0.

7 4 O.lq51032?E-33 0,195,10322E-3f3 0.

7 6 7 -5 1.20117617F 36 O.-0176A7E 06 01

7 6 7 -1 0.1735518CE 06 0.170551A0E 06 0.

7 6 7 3 O.10248153F 36 n. 024916 3 16 n.

7 7 7 -6 C.211336S5E 06 0.?2033(05E 06 0.

7 7 7 -2 0.1716Q689F 06 0.17069609E 06 G.

7 7 7 2 0.107?48157E 36 0.10248167E 06 0.

7 7 7 6 n.36926940E-36 0. 369260OE-06 3,

9 -R 7 -7 0.20828632E 05 C.208204k32E 05 0.

8 -8 7 -3 -0.3552 724E 03 -0,354.72I4E 03 *.
8 -q 7 1 -0.49979499E 35 -0.49q79099E 05 0.A. • -9 7 5 -1.135,2637E 06 -0.1353_?67E 06 0.

-7 7 -6 0.20451132E 35 0.2045%332E 05 0.

-7 7 -2 -0.191942TE 35 -O.1918q9427E 05 0.

S-7 7 2 -O.R7404646F D5 -0.87 4 04bE 05 0.

8 -7 7 6 -0.18988631E 06 -O.j8q88&lE 06 0.

-6 7 -5 0,22943812E 35 0.229431312E 05 0.

• , -6 7 -T -0.76805614E 34 -0.76804614E 04 0,

8 -6 7 3 -0.75750730E 05 -0.7575Oe730E 05 O.

A -6 7 7 -0.17823236F 36 -0.LTR23236F 06 0.

A -5 7 -4 0.21356372E ,5 0.21856t72E 05

4 -5 7 0 -O.2q953977E 05 -0.29953'77E 05 0.

8 -5 7 4 -O.I,530436F 06 -O.i,504#36r 06 n.

S-4 7 -7 Q.44?19270E 05 0.4421'2%370E 05 0.

S-4 7 -3 0.23111265E 35 O.23111I265E 05 0,

S-4 7 1 -0.26515762F 35 -0.265150762E 05 0.

R -4 7 5 -O.1186264E 36 -0.I1186h4E 06 0.

8 -3 7 -6 O.S1385390E 35 0.6108s090E 05 0.
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SI TAUI 1 J4 R161' ~~ rJ QI1R( Nti CALCIILATiL) NU I14I'TJ

4 -1 7 -? 1).M423IF~ 'is 0.2224?t631E J5 0.

77 -~0.4 59 72 SRR 05 -0,459724688 05 90.

t-? 7 -S 0.53035996F O35 0.53033096E 05 0.

-~7 -1 3.ZZ2Il6'?E 35 0.2241022?F '35 0.I

-,7 3 -O. 4 56S8 54 7r 35 -0 .4565 Ft54IF. 05 .

Q ~ 7 -0~414lB JA -0,.1481406BE )6 0.
q-7 7 -1 -O.74034018F 05 .?403 4P.53E 05 0.

-1 7 0 1,2?22?374F 35 ().?2223@104E 05 3.I

0 -1 7 4 -'3.631 26676E 35 --1.63121%616F 05 0.

-7 0.43338789E 35 0,930381 7R9F 035 0.

A7 -3 0.71857635E D5 0.7!17.685E 05 0.

7 1 3,22230659E )5 0.22230454E 05 '3.I

'a 5 3.611618F35 0.6 14i~F '35 0.

A17 -6 0,133064330F 06S 0.13004VjOE 06 '3.

917 -2 0.90400544F 'ý5 0 . -M400(K ;? 05 0.

1 7 .?22I532SF 25 0 .22 IP r32 5E 135 0.I

17 6 -1- .8 0? 46 3 c4U 05 -0.80296ý1.4E 09 0.

27 -S 0.12UiRR03OE 16 0.120R80POE 06 0.

Pk 2 7 01 0. f!2 i552 2F 35 3902S ? 05~ 35

7 0.2218S0453E 35 0,221856453E 05 0.

7 7 -'3.SU9'61Y7E 05 -0.80?q$6l77E- 05 0.

47 P 0. 10751,03~E 0$6 0. 107514,03E: 06 0.

7 4 0.2?163653E ý' 0. 2?lZ&j53E 05 0.

P7 -7 0.I731866E )6 0. 1 ,-A31 6r: 06 0

70ICTýICý33 16 6. i0?51C3E U 6 0.

4 .22163654F 05, C.??163,654E 05 0.

A 7*3,3Aq4A 
O 0.VO490bF -6 0

5 1 - 34QS477 06 n. 84JE06 3

ri 7 3.L246W, CL 0. ?632ý50E 06 0

S 7 0,2'3 SOP.34E 05 o'. Zzi50o334E 05 .

7 ~ 0.273327 01F '6 0. 22332 VlI 06 0

47 i 3.42461?46r 36 03.;24637,,46E 16 D

77 O.Z2150934E D5 0.221SO234E 05 0.I
7 7 C.?784~- 36 2,ýpqf 6 0D.

4 73, Y)139 9E 0', 0, 141 7*I9E 06 0

'a 7 -7 q.T9789onF ) 6 D.?9V78Qd3f 36 0

p T 7 O .V61078'9E 06 0,2767J1M9F 06 0.

44 7 32.U70PUýTF 36 12.270ACýO7E 36 0.

R 5 .1.41 13199E D6 0. 17 !1?IIF 06 0.

A NS -7 ',.l 165i'q54E 05 0*116534954F A f

P -4 8 -5 O.,344T19?PE 14 0, 344 1.7 lf,3 0'* .

-3A6 0,29771114E 35 0 ...9774,104E 05

A - O.W1I 076 3~5 0. 4i746o3,.E 05 D.

A ~ 5 - A31407985F 03 0.314V~q6SE 03 3
-~ A -B .7Z9~~B .5 017219969ge os o

a -4 0,4873596'4 J5 0.49735061E 05 0
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I I T,1 1 J 2 rAU 2 RIGIO -"1"OR NU CALCULArFn NU INPUr

, -5 0.52188139E 05 0.521.88439E 05 0.
. -1 0.10458674E 3? 0.10*'58674E 02 0.

1 9 -6 0.97936018F )5 0.97934OlHa 05 0.
. A -2 0.67843433E )5 nb,6T84348331 05 0.
7 A -7 0.10959C14E 36 0,!0959CtJ4E 06 0.

"R -3 0.68158079E 05 0.6BA18O79F 05 0.
.3* I D6649274E-30 0.16649274E-O0 0.

0. 3 A -A 015749003E 36 3.15749003E 06 0.
- 8 -4 0.13402629F 36 O,.3402609E 06 0."" 3 8 0 0.85279810[ 05 0,8527%870E 05 0.

A 8 -5 0.13746801E 36 0.137T4601E 06 0.
A,4 p -1 ,sO5290331E 05 O,85290o331E ')5 0.
A4 r 3 0.13639941E-02 0.13,639941E-02 0,

'5 A -. 0.2C01383270 36 0.200.0383s?.OE 06 0.=
A 5 8 -2 0.17029101E 06 0-170291601E 06 0.
A 5 a 2 O02447TOIE 06 010244071E 06 0.

R -1 0.2 103715E 06 0O21?03.15E 06 0.
-3 0.I P60_. 19E 06 %,170605"9E 06 0.

A 6 8 I 0,I024471OF 06 0.102444,18E 06 0.
6 R . ,' 3 453 4 T 7E-35 0. . 5534162 ?7E-05 0.
7 8 -A nl.2770603?E 36 0.27706007E 06 0.
7 m-4 0-25359663E 56 0925359663F 06 0.
-7 A n 0.2085071F 36 0,20485cW1E 36 0.

- 7 .4 '),tL957034E 06 0119570034E 06 0.
a A 8 -5 0.25703835E 06 0.25703V5E 06 0."" 8 A -1 O.2U4 8 6 0 67L 36 0.20486057E 06 0.
A 8 3 0.11?9'7034E 36 0,1195?704E 06 0.

"A 8 8 Y 0o87A9355BE-08 0.8789356U•-08 0.

-I
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I

I
4I 1

NITROSYL CHLORIDE RIGID ROTOR TRANSITION FREQUENCIES 3
Input Coefficients

Ma 1.28 ju 1.83
A - 0.85290000E 05

, a 1.57393000E 04 /b = K -0.9909

C = n.53764000E 04 /m 0

J I YAU I j 2 TAU 2 RIGID ROrOR NU CALCULATED Nil INPUr

1 -1 -0 0 0.11114700E 05 0.11114700E 05 0. f
1 0 -. O.90666199F 35 O.q06663qqE 05 0.
1 1 1 -I 0.991363OF 05 0O7gq936C0E 05 0.
1 1 1 0 (lo3613qq96F 03 0*361R8996E Cl 0.

-? 1 -I 0,?7.2?Rl6E 05 0,22228164F 05 0. I
-? 1 0 -0,57323531F 35 -0.57323531E 05 0.

2 -1 1 -1 3.10141920E 36 0.10141920E 06 0.
2 -1 1 0 0.2186?500• 05 0,21867500E 05 0.
2 1 1 0.22591300E 35 0.2591300F 05 0. I

1 1 1 0,26124640E 06 0.26124640E 06 0.
2 2 1 -1 0.34116123E 36 0.34116123E 06 0.

2 1 0 0.26160953E 06 0,26160953E 06 0.
.' 2 -2 0.R0276731E 05 0.802?6731F 05 0. I
2 n 2 -1 O,108569q9E 34 O01OR569qqE 04 0.

S1 2 -2 0.31qq3lB3E 06 0O31R93183E 06 0.
1 2 -1 0,239774RWE 36 0,23974080E 36 0.
2 2 0 .,2,8650,33F 36 0,23865633E 06 0.

2? 1 0.12319712E 31 OL23I1)712E 01 O.

S-3 2 -2 0.3133 q172F 05 0.3333ql72E 05 0.
S-3 2 -1 -0,45851859E 05 -0.45851859E 05 0.

2-3 2 -0,2855ql8qE 36 -0,2855)389E 06 0. I
3 -2 2 -2 0,1I9qQ1I1E 06 0611199151F 06 0.
l4 -2 7 -1 0.32ROn4RlE 05 0.328),4.81E 05 0.
* -2 2 2 -0.20694155E 06 -0,20694155E 06 0.
3 -1 2 0 0.33R8617qf 05 Oo33886179E 05 0. I
S-1 7 1 -0-20476992E 06 -O,2G476R92E 06 0.
3 0 2 0 0.2719q920F 16 O,27199920F 06 0.
3 2 1 0.31344130E 35 0,31344100E 05 0.

2 -2 1.35??8?09l 36 0.35220920E 06 0. 1
1 2 - 0.273091.36E 36 0.•?3091O6E 06 0.

2 2 0,33349028E )5 0.13349028F 05 0.
S2 2 -7 0,Ts59395E 36 0,750q39QSE 06 04
1 2 2 -1 0.67174991E 36 0*67174891E 06 0. 1
3 2 2 0 ,32OO68RE 06 0.4320068RE 06 0.

"? V 0.67066321F )6 0,6706632W• 06 0.
"3 3 2 1 0.43200811F 36 0.43200811[ 06 0. 3

I
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TAIJ I Ji r AU RIGI[ R rf1R NU CULCULArED NU INPUT'

4 -1 3 -3 O,0OR23738E 05 0.80823738E 05 0.

-1 3 -2 0.21713971E 04 0,21713971F 04 0.

A 0 3 -3 0,31gq3676E 06 0,31803676E 0(. 1,
• ~0 1, -2 0.2402844•2E 06 ,02•E06 O

3 1 3 -I 0.238llql8E 36 0.2381191PIE 06 0.

3 1 3 0 0.61597592E 31 0.61591592F 01 0.

2 3 -1 3.63677703E 36 0,63677"03E 06 0.

S2 3 0 0.3Q866401E 36 0,39866401E 06 0.

3 3 3 33 0.7176007ME 06 0,71760077E 06 0.

3 3 3 -2 0,63894R43E 06 0.63Bq4843E 06 0.

3 3 1 fl.38657q16E 06 0.39R65786F 06 0.

3 3 2 0.26211719E-32 0.2621171qE-02 0.

4 -4 3 -3 0.44446481E 05 0.44446481E 05 0.

4 -4 3 -2 -0,342059OSE 05 -0.34205859E 05 o.

4 -4 3 1 -0,27449644E )6 -0,274490A4E 06 0.

4 -4 3 2 -0,67315429E 36 -0,67315429E 06 0.

4 -3 3 -3 0.12238489E 06 O.4233848PE 06 0.

4 -3 3 -3 0.43732549E 05 0,43732549E 05 0.

4 -3 3 1 -3.t9655803E 36 -o.19655•O3E 06 0.

4 -1 3 2 -0.5952158RE 06 -0.5952158RE 06 0.

4 -2 3 -1 0.45180133E 05 0.45183133E 05 0.

4 -2 3 0 -O.1q293289E 06 -0.192q3289E 06 0.

*4 -2 3 3 -0.59)1596qOE 06 -0,59159690E 06 0.
4 -1 3 -1 0.28257086E 36 0.28257086E 06 0.

4 -1 3 0 0.44457942F )5 0.44457842F 05 0.

4 -1 3 3 -0.35420617E )6 -0.3542061TE 06 0.

4 0 3 -3 0,36341338E 36 0.36341308E 06 0.

4 n 3 -? 0,28476074E 36 0,284760"4E 06 0.

" "• 3 1 .44470161E 35 0.44470161E 35 0.

4 0 3 2 -0.35418769E 36 -0.3541876qE 06 0.

"4 1 3 -3 0.7620b202E 06 0.76206202E 06 0.

4 1 3 -2 0.68340969E 36 0.68340q69E 06 O0

4 1 3 1 0.44311911E 36 0.44311qlE 06 0.

4 1 3 2 0.44461256E 35 0.44461256E 05 0.

4 2 3 -t 0.69123R30E 36 0.68123830E Tfi 0.

4 3 0 3.04312529F 06 0.44312529E 06 0.

4 2 3 3 0.44461272F 35 0.44461272F 05 0.

4 3 3 -t 0.12393646E 37 0,12393646E 07 0.

4 4 3 3 0 0.10312516E 37 0.10012516E 07 0.

4 3 3 3 0,60258754E 06 0.60258754F 06 0.

4 4 3 -3 0.13201893E 07 0.13201P83E 07 0.

4 4 3 -2 0.12415360E 37 0.1241536GE 07 0.

4 4 3 1 0.10312454F 37 0.10012454F 07 o.

44 4 3 C.60258754F 36 0.60258754E 06 0.

4 -2 4 -4 0.8155734OE 35 0.81557390E 05 0.

4 -2 4 -3 0.36189812F 34 0.36189812F 04 0.

4 -1 4 -4 0.31894912E 36 0.31894812F 06 0.

4 -1 4 -3 0.241009TIE 06 0.24100971E 06 0.

4 0 4 -2 0.23740qlE 36 0.23740921E 06 0.

4 0 4 -1 0.IR478601F 32 0.L8478601E 02 0.

4 1 4 -2 0.63605816E 36 0,63605816E 06 0.

4 1 4 -1 0,3q966743E 36 0,39866743E 06 0.

'I
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I' Al i ? &j'II PGIOI R1T'R NIO CALCULATFO Nt P4ptJt

4 4 -4 0*7176155bF 06 0.71761556E 06 0.

4 0.9646 46 0384A6 6 -3 0.63967716F 36 0*6396?716E 06 0.

4 ?4 t 0.18348093E-Di 0*18348093E-01 0.
43 4 -4 1.12757418F 3' 0.1275~7418E 1? 0.

4 1 4 -3 0,11978014E 07 0.11978034E 07 0.t4 3 4 0 0.%752S3E 36 00q5677523E 06 0.
4 3 1 0.55812628F 06 0,55'81262OF 06 0.
4 4 4 -2 0.11941844F 37 0.11941844E 07 0.

4-1 0,95679371S J6 0.95679371E 06 0.
4 44 0.5591I2627E 06S 0.55812627F 06 0.

4 4 4 3 0,46266941IE-0'S 0.46266941E-05 0.
'5 -5 4 -4 3,55548965F 35 0*5554886'SE 15 0.

'5-54-3 -0.22389543E 35S -0.22389543E 05 0. I
'5-5 4 0 -1.2634t773E 06 -0.26341773E 06 0.

5 -5 4 1 -0.66206668E 36 -0.6620666BE 06 0.
5 -S 4 4 -3.122C1W~E )7 -0*12201930E 07 0.
r% -4 4 -4 Oo13260180F 16 0.1326018GE 06 0.

-4 4 -3 1.506b3358F 35 0.54663388E -15 0.
-4 4 -D.1R636490E 06 -0.10636480E 06 0.

'S -4 4 1 -0.585013?SE 06 -0*5850137SE 06 0.
'5-4 4 4 -0,11431400E 07 -0*11431400E 07 0. I
'5-1 4 -2 O.56472833E 35 0.'S6472833E 05 0.
'5-3 4 -1 -0.1'409M79F 06 -0.iB091790E 06 0.

'14 2 -0*57958534E 06 -3*57958534E 06 0.
'5-3 4 3 -3ell377116E 37 -0.113T7716F 07 0.I

-2 4 -2 0,29296l44F 06 Oo49296149E 06 0.
'-P4 -1 0.55570763E 35 0.55570763E 05 0.

-~4 2 -0.343096'58E 06 -0*3430966RE 06 0.
'5-2 4 3 -0.1()I2229SE 36 -09QC122295E 06 o.
'5-1 4 e. 0,374562n0E 36 0*37456200E 36 0*
'5-1 4 -3 0.29662359E 06 0929662359E )6 04

-1 41( 0.55595397E 05 O.555q5391E 35 0..
5 -1 4 1 -3.34305155E 06 -0*3430S355F 06 0.I
9; -1 4 4 -0.:)0117q'q4E 06 -0.9CtIT984E 06 0.

'50 4 -4 0,7731932SE 06 0.77319325E 06 00
'504 -1 0.695?5484E 06 Oo69S25484E 06 0.
'504 0 0.45422666E )k% O.45422666E 36 0.

04 1 0.55577701'E 05 0-55577708E 05 0.
'54 4 -0,50254R58E 06 -0*5025485RE 06 04

1 4 -2 0.591635S94E 06 0,69163594E 06 i,
14-1 0.45424521E 06 Uo45424521E 06 -1,
1 4 2 0,55577763E 035 06555T74?3E IV n

'51 4 3 -0,50254850E 06 -0.50254850E 0OA 0.
?5 4 -7 0.124976D7E 0? 0.12497607TE 07 0.

'54 -1 0,10123700E O7 0.10123?00E 07 0.I
'5 4 7 .5t13711750r )6 0*61370250E 06 0.

? 4 3 3.5'S57621SE 05 095557623BE 05 0.
34 -4 0*133131A1E 37 0.13113181F 0? 31

'5 4 -3 3,17513797E 07 0.12533797F 07 0.
7% 4 0 0.I1lZ35SE 37 0*101?351SE 07 0.

'51 4 1 ).613T025E )6 096131IMSE 06 0

72



iAI 7 kTI G I JJ 2 Mn2RGI NU CALCULATFOl NU INPUT

3 4 4 0.55576738F 35 0.55S7623RE 05 0.
4 4 -4 3.?2C4R9094E 27 0,20499094F 27 0.

94 4 -3 0.l970q71(OE 37 0.1Q709710r o7 0.

s 4 4 0 2.11729942BE )7 091729942SE 17 0.
S4 4 1 3.t3312q3SE 27 0.1331293RE 07 0

94 4 4 .7 73 16753r 36 0.77316753E 36 0.

95 4 -2 0, 19673520E 27 Oo.19673520E 07 C

*5 4 -1 0.1?29961?E 07 0.17299612E 07 0

94 2 0 . t33 1293 RE 37 0.13312938F 07 0.
95 4 3 O.77316753E 36 0.77316753E 06 0.

9 M20~491357F D5 O.082481357E IS5 0.

* 9-1 5 -4 0.54294250F 34 0.54284260E 34 0.

9-2 9-5 03l3IM7O02E 26 0.31e9700F 16 0.

9 -? -4 0.2419170qF 26 0,,24191709E 06 0.

5 -1 -3 3*23653177E 36 0.236531IT7 16 0.

5 -1 5 -2 !1.43113654E 12 0,43113654E 02 0.
r )5 -3 0,63516103E 36 0,63516'503E 06 0.

5 -2 0.iq96?4l7E 26 0,39867437F 06 0.

S 1 C; - S O.T17644:t6r 36 0.?176444bE 06 0.

5 1 5 -4 0.64359153E 36 0*64059153E 36 0.

9; 1 5i -1 0*39863133E 06 0.39863t33E 06 r).

5 1 5 0 0.73391437F-ýl 0.73391407E-01 0.

r9 5 -5 0.12797692F 37 0,12757692F 07 0.

9 2 5-4 DoL1987153E 37 0.11987163E 07 0.

1; 2 5 -1 0,95675)627E 36 0*9567560TE 06 0.

* 92 5 0 3.558I24qlE D6 0.5581248!E 06 0.

5 3 5 -1 0,L19328TRE 37 0.11912878E 07 0.

* 5 3 5 -2 (1.95579919E 36 0.95b?9919E 06 0.

93 5 1 1,55912474F 06 0.55BIZ474E 06, 0.

93 5 2 0.41l640364F-34 0,41640364E-041.

94 5 -3 3,14108791E 27 0.IQIO)R7QIE 07 0.

5 4 5 -2 0.16743905F 07 0,16743905E 07 0.

54 5 1 3.12757160E 27 0.12757160F 37 0.

94 9 7 0.7 17591?9E 26 0.71759129E 06 0.

95 5 -5 0.19933635E 27 O.lq93340SE 07 0.

5 5 -4 3.19163076E: 17 0.19163076E 07 0.

95 5 -1 0.16743474E 37 0.16743474E 07 0.
5 1 0 0.12757151E Yi 0.1275716lF 07 0.

95 5 3 0.71759179E 26 O.71759129E 36 f0.

4 0 o7 45 05 80 6E 3 8 0*74505806E-08 0.
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?I 4 -0.15057175E O7 -0.15057175E 07 0.
-17 7 -0.2542238r7E 37 -0.254223S72 07 0.

97 -7 0.13648i78E 0? 0,L3648178E 07
0 1-6 0.129003102 031 0.12900310E 07 0.

'90 7 -3 0.64044602? 06 0.640446027 06 0.£
90 7 -3 0,64044605E 07 0.140455957 0? 0.

7 1 0.96926253E 05 'n.88926253E 05 0.

07 2 -0.62866216E 06 -0.62866216C 06 0.
7 s -O.150571?5E 37 -0.15057175E 07 0.
1 6 -0.254223872 37 -0,25422387E 07 0.

17 -7 0.20824036E 37 Ga20824036E 07 0.

R17 -6 0.200761682 07 0.Z0076168E 07 U.
17 -3 0.1763IRL5F 07 0.17631815E 07 0.

T -2 0,13646304E OT 0.13646)3042 07 0.
17 1 0.9065120SE 06 0.806512C5E 06 0.

17 2 0.88923623E 35 0.98923623E 05 0.
7 1. -0.78813171E 06 -0.78813I71E 06 0.

17 6 -0.o18 24652 9E 37 -0.19246529E 07 0
q2 7 -5 3. 1997T4941 07O 0*19974841E 07 0.

7 7 -4 C.176333G7E 37 0.1?633367E 07 0.
2 7 -1 0.1364629SE 37 0,1364629RE 07 0.

?7 r 0.90651205E 06 0*8065lZ05E 06S 0.
92 7 3 0.98923623F 35 0.8R923623h 05 0.

2 7 4 -0.78813171E 36 -0.78813171E 06 0.
8 2 7 7 -0,19246529E 37 -o.18246529E.07 0.

p7 -5 0.2R7453R12 07 0.287453RIE 07 0.
3 1 -4 0.26403906E 37 0.76403906E 07 0.

9 3 7 -1 0,22416838E 37 0.2241693132 07 0.
133 7 0 O.168356602 37 0.16835660E 07 0.

*P3 7 3 0.96597759E 06 0.96597759E 06 0.
A3 7 4 0.88922247E 05 0.918922247E 05 0.
133 7 7 -0,94759895F 36 -0.94759895E 06 0.t

4 7 -7 0,29594576F 07 0.29594576F 07 0.
94 7 -6 0.213846707E 07 0.28846707E 0? 0.
134 7 -3 0.26402355E 37 0.26402355E 07 0.

134 7 -2 0.22416843E 0? 0.22416843E 07 0.
84 7 1 0.16R35660E D7 0.168356602 07 0.

4 7 2 0.965977592 06 0.96597759E 06 0.
4 7 5 0.88922747F 35 0*889?2247E n5 0.

94 7 6 -0.94759895E 06 -0.94759A')SE 06 0.
15 7 -7 0.399597q02 01 0.3q9959802 07 0.
5 7 -6 0.39211qllE 07 0.392119112 07 0*

F45 7 -3 n.16767559E 37 0.367675592 07 0.
135 -2 0,32732047E 07 0.327820472 07 0.

V 0.27200864E 37 0.272008642 07 0.

572 0.20024980E 07 0.200249802 07 0. w
a5 7 5 0.112544a62 37 0.11254426E 07 0.

8 7 6 0.88921434E 05 0.88921434E 05 0. r
6-S 0.19110585F 07 0.39110585E 07 0.

67 -4 0.1676;IlOE 37 0.36769110E 07 0.

80

mm. 
w-

6... ... T7



ii

-I

rM. A J 2 TAU 7 RIGIO RnlfR NU CALCULArFr) NU INPUF

67 -1 0,32782042E Of O,32782042E 07 O.

6 7 0 0.27200864F 37 0.27200864E 07 0.
7 3 0.2002498Eo 07 0.20024980E 01 0.

- 6 7 4 0*l1254426F 07 0,11254426E 07 0.

6 7 7 0,88921424E 05 0.88921434F 05 0.

* ~7 7 -5 0,51070446F 37 0.,51070446E 07 0.
77 -4 0.4872R971E 07 0.48728971F 07 0.

? 7 7 -1 0.44741903E 37 0.44741903E 07 0.

8 7 7 0 0,3q160725F 07 0ob9160T25E O 0.

13 7 7 3 0.3I9848ýIE 07 0.31984841E 07 0.
S7 7 4 0.23214287E 07 0.23214287E 07 0.

S77 7 OL2R4906E 07 OL2849076E 07 0.

A 7 -6 0.51171772E 07 0.5117T77ZE 07 0.

- " 8 ? -3 0.48727420E 07 0.48727420E 07 0.

- 8 8 7 -2 0.4474199E O7 0,44741909E 07 0.

8 8 7 1 0,39160725E 37 0.39160725E O 0. *

8 7 2 0,319R4841E O 0.31984841E 07 0.

8 8 T 5 0.23214287E 07 0,23214287E 07 0O

8 8 7 6 0.12849oT6E 07 o.l2849076E 07 0.
9 -8 -8 0.86445502E D5 0.86445502E 05 0.

A -6 8 -7 0.13027188F_ 05 Q.1302718SE 05 0.

-S 8 -8 0.31915525E 06 0,319IS525E 06 0.

'3 -5 8 -7 0.24573693E 36 0.24573693E 06 0. I
"" -4 8 -6 0.232Q6827E 36 0,23296827E 06 0.

8 -4 R -5 0.25852362E 13 0,25R52362E 03 0.

"-3 8 -6 0,63144554E 06 0,63144554E 06 0.

S-3 8 -5 0.39973580E 06 0,39873580E 06 0.

" -2 8 -8 0.717T92Z5E 36 0.7178922SE 06 0.

. -2 8 -7 0.64447394E 36 0,64447394E 06 0.

" -2 8 -4 0.3Q847q48E 36 0,39847848E 06 0.

'3 -2 8 -3 0,12LOB278E 01 0.121082?8E 01 0.

q -1 8 -8 O,12760036E 07 0,12?60036E 07 00

8 -1 8 -7 O.L2025853E O 0,12025853E 07 0.

8 -1 8 -4 0,95658982E 06 0,9565998E 06 0.

q -1 8 -3 0.55611754E 06 0,55811254E 06 0.

0 8 -6 0,11895581E 07 0.1189SglE 07 0.

, 0 8 -5 0.95684834E 06 0,95684834E 06 0.

""n 8 -2 0.55811L34E 36 0.5581L134E 06 o0

8 0 8 -1 0.22901366E-32 0,22901366E-02 0.

13 . 8 -6 0,19321439E 07 0,19071439E 017 0

4 J '3 1 8 -5 0.16744141E 07 0,16744341E 0? 0.

q1 8 -2 0.12?56971E 07 0.12756971E 07 0.
'31 8 -1 0.71?58580E 06 G.71758590E 06 0.

23 . 6 -8 0.19935894E 07 0.19935894E 07 0.

- 2 6 -7 0.19201711E 07 0,19201711E 07 0.

"" 2 8 -4 0.16741756E 07 0,16741756E 07 0.

8 2 8 -3 0,12756983E 07 0,12?756983F 07 0.

'3 2 8 0 0.71758579E 06 0,717585?9E 06 0.

'3 2 8 1 0.211154L E-05 0.21115411E-05 0.

33 3 8 - 0.,28706433E O7 0.26706433E 07 0.

8 3 8 -7 0.27972250E 07 0.2?9725OE 07 0.
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J I IAtII 1 J 2 rAU P ir,1o RCOM NU CALCULArFD NU :NPUT

A3 8 -4 0.25512296F 07 0.25512296E 07 0.
38 -3 0.?1527523E 37 0.21521523E 07 0.
380.15946397E 37 0*15946397E 07 0.

838 1 0.8?705396E 06 0.67705396E 06 0.
448 -6 0.2784L9?8E 07 0Q27841978E 07 0.
448 -5 0.25514891E 07 0.25514q88E 07 0.

84 9 -2 0,2152751 IF 07 0.215275tlE 07 0.
44 A -t 0.15946397E 37 0.15946397E 07 0.

q049 OoTI53'96E 06 0.87705396E 06 0.
4R3 0.93132257F-09 0*93t32257E-09 0.

5 q - 0.3R207182E 07 0.382(07182E 07 0.
a Rs 0.35880085E 07 0*15880085E 07 0.

5 A ? 0.31992?15E 37 0.31892715E 07 0.I
A q -1 0.2631t602E 07 0.26311602E 07 0.

A 0.19135743F 07 0.19135743E 07 0.
a5A3 0.10365204E )7 0.l0365204E 07 0.

6 R -R 0.39371637E 07 fl.39071637E 07 0.
6 8 -7 0.38337454E 07 0*38337454E 07 0.

AA -4 0.35877500E 0? 0.35877500E 07 co
6 8 -3 0.31892727E 07 0*31892?27E 07 0.

R 0 026311601E 07 0.26311601E 07 0. 01154~0 .9373 7 0

8 6 8 4 0.10365204E 37 0*10365204E 07 0.
8AA5 0. 0. 0.

7 -a 0.51031499E 07 0.51031499E 07 0.K
8 7 8 -7 0.50297316E 07 0.50297316E 07 0.

87 9 -4 3.4783?361E 37 0*47837361E 07 0.
9 7 8 -3 0.430S258BE 07 0*43852588E 0? 0.

0 0.38271463re 07 0.3R271463E 07 0.
qII 0.31095605E 07 0*31095605E 07 0.

9 7 84 0.2232506SE 17 0.22325065E 07 0.
.4 7 85 0.11959861F 07 0.1Iq59B6tE 07 0.
8 8 -6 0.50167044E 07 0.50167044E 07 0.
4 88 -5 0,47839946E 07 0.4T839946E 07 0.
R 9 -2 0.43952576E 07 Oo43852576E 07 0.

aaq -1 0.38?71463F 07 0*38271464E 07 0.
2 0,31095405F 37 0*3.3109 5 60SE 07 0.
A 0*2232506SE 07 0.22325065F 07 0.

88 6 C.11959861E 07 0.1l95986IF 07 0.
aaA7 0. -0. 0.1
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APPENDIX B

CALCULATION OF THE TIME DEPENDENCE OF
THE EXPECTATION VALUE OF THE POLARIZATION OPERATOR

One of the best elementary methods of determining the frequencies
which will arise in a nonlinear medium as a result of an input of frequency
w is to compute the expected value of the polarization operator for the
perturbed state (here assumed to be the ground state), i.e. 4, en
More specifically, the time dependence of this expectation value is desired.
These terms have been computed through second order (yielding second
harmonic terms) in Reference 40, but the third order terms from which
the third harmonics must be determined are not found in the literature.
The electric dipole approximation is used; this should be especially good

* at millimeter wavelengths, since the wavelength is very much larger than
the molecular or atomic dimensions. In order to establish the notation, the
time dependent perturbation theory of Reference 41 is briefly reviewed.

Let H = Hamiltonia-t (independent of time)

*S = S(t) = time dependent perturbation

Then the Schr6dinger equation is

(H +S) ih at

t.. Determine a complete orthonoi-mal set by the eigenfunctions of the unper-
turbed operator:

n1 nfn

Express the state function 4s as a series, with time depenient coefficients,
of the ion

- iii

n

83
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Then substituting in the Schrodinger equation, taking the scalar product,
from the left, by K# and employing orthonormality, we obtain

daa
dt k-n nn

whereI

Q sn e Schrhdi/ erk ISIto, > e k <n ktScn >;

with an obvious changepofnotationg w (E E ih. When S is a function
of t, a method of successive approxl~nations is Recessary. Although Frenkel

Picard- Lindel~f theorem that continuity of S on an interval, satisfyi~ngread thauniis 5 na ml ftefrtodr tapasb h

uniform Lipschitz condition, is sufficient to ensure uniform convergence.

For details of the proof (a constructive one) see Reference 42, Chap. III
and Exercise 1. 1 of Chap. IV.

We letI

a(0)k a(t) (2)(t) + ak (t)+ . .*

ak (t)k k + (1) (2k3

ThenI

Ad (1) (0)SI-ak nEkn n

d (2) ai) I

where a is the initial value of a (t).
Since the Skn are known functions of time, we may integrate these equa-

tions, obtaining: 84

akt)84~0 + t 1 k)t > ,•,•. . ..

- - 4.



It
I (k,_ - A~ o ,dt', ,D uI

(0 11dt

I eqains fra aritar inta uproiio fsats w

(a2) - a°) (t') S (t") dt" dt'
k IN2 .. n km 11MIl

t to, to

These equations are for an arbitrary initial superposition of states. If we
know that the initial state is the gth state we may let an(O) 6ngag(O), and

Sapidthwwe havef

t t
(2) 1 ( 0) ,1,-

t t t ate fn ti I g

It to' tito

3~~ 3 *(0 ) r ~ 2 ~3) ~

a()= a(° skp,(ti) s p (t") r S.(")a" td' !IIh3 P oM o 4go- " It" ilIt
Since the algebra for these states becomes very unwieldy, it is not desor-able to go beyond the third order. i l

If we assume that the system is in state g before the perturbation is calculate
hppliedx the wat vale w•irst•n i % exp(ed ,to .de termnpe tati on of the co-turbation the state function is:-I Ili

, £6 +(1)+a(2)+(3))- -iw t | iI

Radiation from the system will be dependent on the expectation value of II I
the polarization operator for the perturbed state <4P1 erl ;.. To calculate 1 1I
this expectation value we first need to determine the time dependent co- I II

I efficient ak.

We assume the electric field is of the form

85



s :,sin (u : e a in•

- -o -o 2i

The perturbation Hamiltonian is, in the dipole approximation. S = e E "r.

The matrix elements are then I

e knt eiwt- ei -u >

ki -- 1

JC'"44ýM)t -i(w-wkn)tI
e - e < kl.e, •~ >1,
-21 -0

Substituting in the expression for the time dependent coefficients: i

r -n g e 1 'n g _

a (1) (t) e < n4g Io
- I -+7

a -2)-t e < .. r > < F.Or> Mg +n4A2 1o nm mg

ce( - 1+e )-1 r)I e -r

X + 2m,) + (wn + ) =,,

e iw t i(wng-2w)t i(wnm+•)t.

Mg ng ri m W)

zi.lll
t! Ill

t ti

) __- V 0S (t.'"' 'S ")it" S ("' )zatI"' -"ere

n j g

86
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-1e -20 77-

9 6Mg jm rim flJj

- c )- t emng+!')t
n8 n

-21n e -Q -1

~rn igý - 113

, I e -1 e 1j
-U Mg +,3eIm fl) " nm rig #j? M t) 0 n W u g rVIg9a

(~t n( J W)(wt , i(w. )( g +iv)(.z n-v -; -~~(.)t4(

Mg mg 11 5 . 13I9
e 1 e + T- e -

.1 m8ri

(w :4. ~ ng*



-L

Ilk

i( -ng-U)t i(W t+ -)t; -w t I i
ng - e -1+-

(V _,-)(w -2w)(W -W) + (W -w)(W -2w)(W .+w) (ui -w) (w-2w)(w -"w)
nDv)(ig-j ng ig, jg TAj . jg ng7

i(,,j-w)t ((wm )t i(w .+,,")t 3
(i C 2W) ( -i, + ()(w *W) (in -W) (W -W T g) (W nW)(W n-I+

i(W -2,A)t i(w -w)t
am - + nj -1 11

(_im -W) (Wj -W) (;Vn -2w) (iM _W) (W.j -W) (Wn -W)J

The expectation of the polarization operator is then: .

6ga2 a() + (1) ((2)2)3) (2) + (2)(3

Sn er ri ( an + an + an e nO jemj( +g a + a

i a t ; e-• ' ( ,~ F 6 n 6 w + 6 a l + a W 0 6

*611 a~ (2 a(')4' + a~2)* (1)] (20 (2 I(10~ (2)

The ~ ng te+ ma be +rue acoda to +rqec eedne and accrd.

+ ag(2) (to +ia(o)' 6 t abo e t(e) + a(t)'e (2) f a(e b of t

quite large and they will be written In an abbreviater form.

II

ATh terms up to third order, i.e., with three frequency factors in thear

denomiiators, will be liaced explicitIy, categorized by their frequency de-

pendence. i.e., d.c.. wt, 2wt. 3t . Termr of third order and lower order

arise from the following combinations listed in the expectation 3f the polar- I
ization operator:

4C- 
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"6" I. a IV. a (1
ng kg n1) kŽ 2 1

I. 6 a(1) + a(1)06 V. a(W)" (LI + a(k2) a1)
ng k n kg n k n ak

0 a( + )6 VI. a b)'6 6 (j)
ng k n kg n kg + kng

Besides those terms containing multiples of c. terms containing wnmt,
,gnt also are lister'. Table I below lists the terms in accordance with

their time dependence. The column on the right lists the terms from which
chey originate.

Terms of higher order also occur of course. These are in general small
for two reasons, that the products of the matrix elements are generally
smaller, the ,reater the number of factors, and the denominators are large,
because of the greater aumber of factor. It is obvious that exceptions may
occur because of resonance, i.e., a factor in the denominator approaching
zero, or because of unusually large matrix elements. Such occui rences
are sufficiently unusual so as to be unlikely and undependable. In illustra-
tion of the types of denominators which occur we list

1 1
77g kg + 4lg+ 02( flu Mg

_ _ _ _ 1+ w(i3vgFT~ -a ')(k)(UJ - ii)('.

ng 'Jkm Mg mg TIM "km-

in the case of the term containing resonance factors, that is

k a- W)(ý_WA( om-W

the possibility of efficient operation arises if equally spaced energy leve~s
can b• found in a suitable material. Exactly equal spacing is unlikely, P-nd
even approximately equal spacing is not easy to find, as shown in tho pre-
vious discussion in this report on asymmetric top energy levels. The ef-
fects of line broadening mechanisms have not been included here, but since
they would allow approximate satisfaction of the resonance criteria, they
must be taken into account in any design of nonlinear multiple quantum
generators. They may be taken into account approximately by replacing
the resonance denominators by factors containing reciprocal relaxation
time terms.

,89
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D. G.

n M ,rn ig 0 [i (Wng+W mg W

+ IV E
ng. Ing[

e - r> <E *r> < nier~g >~~ 1 )t ')' I
-,, 2n 0116 ng m9 ng

< gierIg > I

g >nr

ne Al0 0.e ng ,-g U

E-- Z~3 ~9ao <0 le-; - rJ > < lq . ~ijo> < 0.IeE r[0' > <nlerjg>
n4 r 1 1 0 9-

:C (U )t li L)(j+ 2:0 ()(n + W) + (w~ )(w - 1)( + W)

+ I I
(uv )(w -) w(w - M, (L )u)( + W0)+ W) (w. )(w .i-iu)(tva- w)

j g Mig n9 j g mg rggmgng 1.
(ii-) w)(W.g - -wý) JJ 0mg zig
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Ig o rg o mg og kg m

ng kgng rg kg m ig TLg7 ) k m

+ + w

~(w -w)(w 1W 1)

e2 2wt I.w~
-I -<E r > < E 3r > <nel

n~42 0 - ig 0-mg rig W) g

I 92os(2w&~}

e 2~~~~ co )(w2w)te1',> I

n,m 2A 2  0 -n 0 -mg 
wm )()n w

Icos(2w)tII

LE~ao<O<feýErIJO > <0 leE0 - 110M > < OeE0r10.>4~ 4A3 j g -a 9 j' -omi~.o-

Cos(' W)t 000(3w)t v
<nle~g- (w)LR - 3)W -WA (w + w)(w. + 2w)(W + 3w) J V

<ri~er g>c6 . igign 3m) ngrg

91
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~ ~~ r > - r >m < fjr >m < nlertk > si ýG

L")' (771 - -- + + 001 )] I 3
ng kg - rg rig kg mg

2 r
2) o - ng 0 mg L nm L(W + W)(wI

n,m 4ht ng m

IV

< , < nferjg > { siri(uJ)t - :+)}I

*n 9~n 'no - gngg2

z;,mrA> *r> < Aei fo~ tW

T~TTt' ( +u.(w + j (w + 211)

mg ng ri m mg m mg ng

t - ~(cii - W) (u + to) TTi ) 2)+* - A W) }
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-,Ie; riO >A <m 0 0 !:10~e > < OnjeE0  I0 > < nlerlg >

(COS ~~i W_ _ _ _ _ __a +3) f)((~g+2f

(cos('~)t) r~j + ( 1))(J + 2W)( 7 RO+ +w - )(m + ý07+2);1Ti
mg ng ng A nig 3 i

(nJ g + M)O ( +fl))(Wun + 2 1j(" .09) + (w m + w) (w r + 29) (w n j 77

m. to ri mg - 38(jn fl

+ (w 0) )((. *+ nW) (to + 2u))+ (o + W) (w. + Wu)(w .+ W7
mg jm rim mg jm rij

- 7 to ) + (1))(wni 7 (w .)(a) + W)(mrW')( + (w)(.
ig 3ng ri g ng rig g g

+(tf -g ( u.)(% tn 1000 iv)+ W7 (W m ) (u ) v(w -W) -(u i.)w-uu( -w

3 mg n3 38 *838m8 n

1 +
+(cv - )(.+ W w )M V(v nj (f) (WM - )(w jg + w )(w + (U)

mg 3m f3 89

(('wng ft) (w U 2() I)(w w n37-7 (W. g ) w+ )(w 3- 2w)( -ug 3w )( + )' i

+ (- )w g-()(j- i,,)(, cj)- + (W .- W)Ow. - 2W)( -77

mg nm n. i i
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+1Cs(. 1t COO1

gin gri (ui) Mg+ ~ e .1 + u)(jn

+. + (COS(w )t - cosOu )) W

,Ig+1 0i- cl)(' . gin ga
mg jm nm

Lm (U M m (mg 4m Io(n)1)(.j+M I7 +v

<S r> < > < < r < <nerlk >tsin(W(gt
m,ri,k8h3 0 ng 0 km oMga

(m W 10 1 +1)(Un+7-+u)UU - i(, g)

+~~ (ui - "um )t

JW W)(ai+ Uw)(Ltv~~ + rig-_0"vm )( mg LO slwngt

3. +) ,, - -sin(w g)t

ng+ W (tukg) ( nag ng W)(Wkg)(Wa

FU I g) ' g 7 ( + (( - -M g- (7 l + sir ([vnk)t
rig Mg na g ~ g ng

t(!u+v(i~3~Tu ( + xU) ((Uk) (w +wu)

((u n+ o k +w)(1,vg7v + (Jg+ 1 ,,m nat'g+7
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+ (tong-~)+ (u(fIk 2mgW+ (u)( f -w)(w W c )

Mi g w7g -tua k g

1 +

9- (tu +- w)(W~~21I )( wk)(w g+w)

1 1
+ (w -ew ((ug+ W) (w, +w7 ("One W)(wkm )(Wg+w77

(10-W +l g-77 (w n -w)(wkm+ w)(w 4 ~~,-mg* w1)
rig tus ri

1 +

(w -eu)Te2) (W mgg*W)2w)(g -W) + (w - w)(w-U(w.- W)] }V
*(we + W)t

m,n,k 8A3  i m o tg~~

L(Wun + W) (w u+ 2w) (cum +w) ( wng+ tt) (Ni) (wMg+ W)

-(w +. W)(w,,, )( + W( w ) + (W + 'U) 'km - (0) (W 4JU)
rig 'm Mg rig

~(wng +W) (Iakg) (Wmg- W) (n+ (w + )( ut+ u). I Mg to

+((i~ng+ W)(tuk- 2w)(W.8 Mg () (Jg+ w)(w.K- 100)Mg(w- )J ilw

J. ) jrk+ 2w (w + W)
L(W Mg +) n) rig Ik)(

1' 95



1 1 -

ng- t~l 'A )(1 t'g 1- ) (m ng - J ) ( w m + 11 )(U)m g 4- 'es)

1- ++ sindrft !)J)t
(1(u - ' 1'g- 2#v)(u -) (m nm): -w(

rig mg, ig- ul(Jkjm )(mg '
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